Econometric analysis of farm machinery investment and simulations under alternative energy, price support, and export policies by Gunjal, Kisan Ramachandra
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1981
Econometric analysis of farm machinery
investment and simulations under alternative
energy, price support, and export policies
Kisan Ramachandra Gunjal
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural and Resource Economics Commons, and the Agricultural Economics
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Gunjal, Kisan Ramachandra, "Econometric analysis of farm machinery investment and simulations under alternative energy, price
support, and export policies " (1981). Retrospective Theses and Dissertations. 7424.
https://lib.dr.iastate.edu/rtd/7424
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. If copyrighted materials were 
deleted you will find a target note listing the pages in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet an j to continue from left to right in equal sections with small 
ovrlapi. If n.'cessary, sectioning is continued again—beginning below the 
first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 
5. Some pages in any document may have indistinct print. In all cases we have 
filmed the best available copy. 
UniversiW 
Microrilms 
International 
300 N /ttH HU , ANN ARHOH MI -18106 
8209124 
Guqjal, Kisan Ramachandra 
ECONOMETRIC ANALYSIS OF FARM MACHINERY INVESTMENT AND 
SIMULATIONS UNDER ALTERNATIVE ENERGY. PRICE SUPPORT. AND 
EXPORT POLICIES 
Iowa State UniversUy PH.D. 1981 
University 
Microfilms 
intsrndtiondl 300 X. Ze* Road. Ann Arbor, MI 48106 
PLEASE NOTE: 
In all caaes this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mari< V . 
1. Glossy photographs or pages 
2. Colored illustrations, paper or print 
3. Photographs with dari< bacl^ ground 
4. Illustrations are poor copy 
5. Pages with blacit marks, not original copy 
6. Print shows through as there is text on both sides of page 
7. Indistinct, broken or small print on several pages 
8. Print exceeds margin requirements 
9. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking when material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numlaering only as text follows. 
13. Two pages numljered . Text follows. 
14. Curiing and wrinkled pages 
15. Other 
University 
Microfilms 
International 

Econometric analysis of farm machinery investment and 
simulations under alternative energy, 
price support, and export policies 
by 
Kisan Ramachandra Gunjal 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Economics 
Major: Agricultural Economics 
Approved: 
the Major Department
Iowa State University 
Ames, Iowa 
1981 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
i i 
TABLE OF CONTENTS 
Page 
CHAPTER J. MECHANIZATION STRUCTURE IN U.S. AGRICULTURE 1 
Extent and Intensity of Farm Machinery 2 
Trends in number of machines or. farms 2 
Trends in value of machinery on farms 4 
Trends in tractor horsepower on farms 7 
Concentration of machinery on farms 7 
Machinery Costs and Investments 12 
Trends in national machinery costs and investments 12 
Trends in regional tractor investments 16 
Trends in regional other machinery investments 21 
Procutivity and Machinery Use 24 
Objectives 26 
CHAPTER II. INVESTMENT THEORY AND ECONOMIC MODELS 28 
Investment Theories 28 
Derived investment demand 28 
Neoclassical investment theory 31 
Multi-equation investment model 33 
Models of Farm Machinery Investment 34 
Model A 35 
Model B 36 
Model C 36 
Model D 36 
Model E 38 
Model F 39 
Model G 40 
Model H 40 
Model I 40 
CHAPTER III. STATISTICAL CONSIDERATIONS AND PROCEDURES 42 
Statistical Tests for Structural Change 42 
Structural Form of the Simulation Model 44 
i i i 
Page 
Single Equation Estimation 46 
Ordinary least squares 47 
Autoregressive least squares 47 
ALS with lagged dependent variable 48 
Seemingly Unrelated Equations Estimation 49 
Three-stage least squares 50 
Autoregressive three-stage least squares 50 
Simultaneous Equations Estimation 52 
Two-stage least squares 52 
Autoregressive two-stage least squares 53 
Three-stage least squares 54 
Autoregressive unree-stage least squares 54 
CHAPTER IV. U.S. FARM MACHINERY DEMAND 56 
Dependent Variables and Qualitative Changes 56 
Structural Change Results 58 
Farm Machinery Demand Functions 60 
Tractor demand 61 
Harvesting machinery demand 69 
Other machinery demand 74 
Total farm machinery demand 79 
Summary 80 
CHAPTER V. REGIONAL FARM MACHINERY DEMAND 84 
Regional Tractor Demand Functions 84 
Tractor and other price variables 90 
Farm income, expectations and asset variables 93 
Technology-related variables 94 
Economic activity variables 95 
Other relevant variables 95 
Regional Other Machinery Demand Functions 96 
Machinery and other price variables 100 
Farm income and expectations variables 101 
iv 
Page 
Technology-related variables 102 
Economic activity variables 103 
Other relevant variables 103 
Dynamic Analysis of Farm Machinery Investments 104 
Dynamic multipliers for the interest rate 106 
Dynamic multipliers for the price of fuel and oil 106 
Dynamic multipliers for the net farm income 110 
Summary 110 
CHAPTER VI. FARM MACHINERY INVESTMENT SIMULATION MODEL 112 
Model Structure 113 
Estimated Model Equations 120 
Northeast region equations 121 
Lake States region equations 122 
Corn Belt region equations 123 
Northern Plains region equations 125 
Appalachia region equations 126 
Southeast region equations 127 
Delta States region equations 128 
Southern Plains region equations 129 
Mountain region equations 130 
Pacific region equations 131 
United States equations 132 
Model Validation 134 
CHAPTER VII. MACHINERY INVESTMENT PROJECTIONS AND POLICY 
SIMULATIONS 139 
Base Run—Simulation 1 140 
Projected levels of exogenous variables 141 
Results of Simulation 1 146 
Results of Energy Price Policy Simulations 152 
Simulation 2 153 
Simulation 3 158 
V  
Page 
Results of Price Support Policy Simulations 162 
Simulation 4 163 
Simulation 5 167 
Results of Agricultural Export Policy Simulations 171 
Simulation 6 172 
Simulation 7 177 
Limitations of the Model and Scope for Further Research 180 
CHAPTER VIII. CONCLUSIONS AND IMPLICATIONS 183 
The Past--Historical Trends in Agricultural Mechanization 183 
The Present--Farm Machinery Demand Analysis 184 
National machinery demand analysis 184 
Regional machinery demand analysis 186 
The Future—Farm Machinery Investment Predictions and 
Policy Implications 188 
Base run predictions 188 
Effects of fuel and oil price policies 190 
Effects of support price policies 191 
Effects of agricultural export policies 192 
Policy comparisons 192 
CHAPTER IX. SUMMARY 194 
Historical Structure of U.S. Agricultural Mechanization 195 
Farm Machinery Investment Analysis 196 
Investment Simulations and Policy Alternatives 200 
REFERENCES 204 
ACKNOWLEDGMENTS 210 
APPENDIX A. VARIABLE DERIVATIONS, DEFINITIONS, AND SOURCES 211 
Data Derivation 211 
Tractor investments and stocks 211 
Harvesting machinery Investments and stocks 212 
v i  
Page 
Other machinery investments and stocks 213 
Regional crop price Indices 214 
Regional support price indices 215 
Variable Definitions and Sources 215 
Investment and stock variables 215 
Prices and related variables 216 
Farm income and asset variables 218 
Acreage-related variables 219 
Technology variables 220 
Economic activity variables 220 
Other agricultural variables 221 
Time variables 221 
APPENDIX B. TABLES OF INVESTMENT DEMANO FUNCTIONS FOR REGIONAL 
TRACTORS AND OTHER MACHINERY 223 
APPENDIX C. PROJECTIONS OF EXOGENOUS VARIABLES 253 
Exogenous Variables for the Base Run (Simulation 1) 253 
Exogenous Variables for Simulations 2-7 257 
Simulation 2 257 
Simulation 3 257 
Simulation 4 258 
Simulation 5 258 
Simulation 6 258 
Simulation 7 259 
1 
CHAPTER I. MECHANIZATION STRUCTURE IN U.S. AGRICULTURE 
Agriculture in the United States has changed drastically over the 
last four decades. The self-sustaining, labor intensive small farms 
of the 1940s have been transformed into today's highly mechanized, large 
commercial farms. Machinery represents a large capital investment 
which continues to substitute for labor and cause farms to grow larger. 
Of all the changes in agricultural technology, mechanization has had the 
greatest impact on this transformation. United States' agriculture is 
the most mechanized in the world. It is of special importance to all 
the developed and developing nations because it also has achieved the 
highest labor productivity in the world. Therefore, an economic analysis 
of U.S. agricultural mechanization is important. The term "agricultural 
mechanization" is used in this study to refer to the extent, concentra­
tion, and intensity of machinery used on farms in different time periods. 
The interdependency between agriculture and nonagriculture sectors 
of the economy is increasing due to the increased share of machinery 
capital and energy used in the operation of agriculture. Machinery is an 
input to agriculture produced in the industrial sector of the economy. 
Therefore, general economic changes and technological breakthroughs also 
are likely to affect the intensity and extent of the mechanization in 
agriculture. It is important, hence, to investigate the intersectoral 
linkages and estimate the relative importance of such factors in deter­
mining trends in mechanization. 
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Extent and Intensity of Farm Machinery 
The era of extended mechanized farming started in the early 1940s. 
The extent and intensity of this mechanization is evident In the trends 
in the number of machines, value of machinery, tractor horsepower and 
other measures on farms. Each of these measures is explained in a 
separate section below. 
Trends in number of machines on farms 
The historical trends in the number of major farm machinery types 
such as motor trucks, tractors, grain combines, corn pickers and picker 
shellers, pickup balers, and field forage harvesters over the period 
of 1940-79 are presented in Table 1.1. The number of motor trucks in­
creased continuously during 1940-79, though at a declining rate. The 
number of tractors and motor trucks tripled in the mid-1960s as opposed 
to the early 1940s. Grain combines increased 5.5 times in the 20 years 
between 1940 and 1960. The numbers of most types of machinery units on 
farms peaked during the early or mid-1960s. The decline in their numbers 
in the recent years is mainly brought about by the tremendous qualitative 
changes in those machines. 
Many revolutionary new machines, e.g. self-propelling combines, 
different harvesters, large planters, etc., were introduced. A con­
tinuous flow of highly specialized and very efficient machines along 
with high real costs of farm labor helped make farming more capital In­
tensive and less labor intensive. Also, the added dimension of timeli­
ness in performing farm operations (to deal with risk and uncertainties) 
helped farmers to favor the increased mechanization of farming. 
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Table 1.1. Number of machines of different types on farms. United 
States, selected years, 1940-79® 
Corn 
pickers 
and 
picker 
shellers 
Year Motor trucks Tractors 
Grain 
combines 
Pickup 
balers 
Field 
forage 
har­
vesters 
Thousands 
1940 1047 1567 190 110 — — — — 
1945 1490 2354 375 168 42 20 
1950 2207 3394 714 456 196 81 
1955 2675 4345 980 688 448 202 
1960 2834 4688 1042 792 680 291 
1965 3030 4787 910 690 751 316 
1970 2984 4619 790 635 708 304 
1975 3032 4469 524 615 667 255 
1976 3043 4434 527 610 641 263 
1977 3044 4402 535 605 615 270 
1978 3045 4370 538 602 610 272 
1979 3045 4350 540 600 605 272 
^Source: USDA, ESCS (1979). 
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Trends in value of machinery on farms 
In order to deal with the heterogeneity among different farm machin 
ery, trends in their annual values are compared. Over the last 40-year 
period, the current dollar values of farm automobiles increased 8 
times, motor trucks on farms increased 32 times, tractors increased 44 
times, and other machinery increased 35 times, making a total value of 
all machinery on farms increase 28 times. These trends are presented 
in Table 1.2. All these values have an upward trend throughout the last 
40-year period. Such a tremendous increase in these different machinery 
types was experienced partly because of bigger, better quality, and 
more expensive machinery. 
In 1940, farmers owned $.5 billion worth of tractors and used 20.5 
billion hours of labor (Table 1.2), averaging 3 cents of tractor assets 
per hour of labor. By 1978, machinery value per hour of labor averaged 
$4.61. The total machinery asset per hour of labor increased from $.15 
in 1940 to $17.53 in 1978. However, it should be noted that the dollar 
value (in nominal terms) to hours (in real terms) would tend to over­
estimate the machinery labor substitution. In real terms (using machin­
ery price index, 1967 = 1 as a price deflator), these assets to labor 
ratios indicated an increase from $.07 to $1.77 for tractors and $.45 to 
$6.74 for total machinery, an increase of 25 times and 15 times, respec­
tively. 
The constant dollar values of automobiles, motor trucks, tractors, 
other macninery, and total of all farm machinery is presented in Table 
1.3. The increasing values of all the above machinery over 1940-77, 
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Table 1.2. Value of different farm machinery and equipment on farms in 
current dollars and hours of farm work. United States, 
selected years, 1940-79& 
Year Auto­mobiles 
Motor 
trucks Tractors 
Other 
machin­
ery 
Total 
machin­
ery 
Hours of 
farm 
work 
million dollars million hours 
1940 958 262 503 1337 3060 20472 
1945 1144 590 1557 3183 6474 18838 
1950 2313 1446 2905 5502 12166 15137 
1955 4310 1898 4270 8197 18675 12808 
1960 4766 2476 5423 10080 22745 9795 
1965 4560 2982 5861 11423 24826 7335 
1970 4303 3243 7997 16756 32299 5896 
1975 5554 5424 14709 30055 55742 4990 
1976 5929 5803 17356 35917 65005 4807 
1977 7004 7249 18246 39357 71856 4650 
1978 7301 7617 20412 42328 77658 4431 
1979 7757 8241 22183 46148 84329 HfiP 
^Source: USDA, ESCS (1970) and USDA, ESCS (1978a). 
'^NA = not available. 
I 
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Table 1.3. Value of different farm machinery and equipment on farms 
in constant (1967) dollars. United States, selected years, 
1940-79* 
Year Auto­
mobiles 
Motor 
trucks Tractors 
Other 
machinery 
Total 
machinery 
-million dollars-
1940 2903 794 1524 4052 9273 
1945 3011 1553 4097 8376 17037 
1950 3855 2410 4842 9170 20277 
1955 6338 2791 6279 12054 27463 
1960 5812 3020 6613 12293 27738 
1965 4957 3241 6371 12416 26985 
1970 3710 2796 6894 14445 27844 
1975 2848 2782 7543 15413 28586 
1976 2707 2650 7925 16401 29683 
1977 2918 3020 7603 16399 29940 
1978 2808 2930 7851 16280 29869 
1979 2693 2862 7702 16024 29281 
^Source: USDA (1962 through 1980), and USDA, ESCS (1979). 
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with the exception of a few years, indicate that the general machinery-
use-level on farms in the U.S. increased. The rate of increase in most 
cases, however, was decreasing. 
Trends in tractor horsepower on farms 
An alternative measure of machinery level on farms which normalizes 
the qualitative differences is horsepower (hp). Unfortunately, data on 
horsepower on farms prior to 1963 are not available. Table 1.4 presents 
total horsepower, average horsepower per tractor, and horsepower per 
acre on farms from 1963 to 1979. The data exhibit a continuous upward 
trend in total horsepower for tractors (Figure 1.1). In 1963, the total 
tractor horsepower on farms was 167 million. It increased to 243 mil­
lion (a 46 percent increase) with a 2.7 percent average annual growth 
rate. 
The average tractor capacity (horsepower per tractor) also increased 
steadily, though at a lower rate than total horsepower, indicating in­
creased use of bigger size machinery on farms. The average tractor size 
in 1963 was 35 hp which increased to 56 hp in 1979. Individual tractors 
today are available with a capacity as high as 800 hp. A ratio of acres 
to horsepower declined from 6.90 in 1963 to 4.32 in 1979, indicating an 
increase in the intensity of tractor-use on fams. 
Concentration of machinery on farms 
The concentration of machinery on farms can be measured in different 
ways. Here, four major machinery-land ratios such as tractors per farm, 
combines per farm, acres per tractor, and acres per combine are 
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Table 1.4. Total tractor horsepower (hp) used on farms, average hp 
per tractor, and number of acres per hp. United States, 
1963-793 
Total tractor Average Acres 
Year hp ^ hp per per 
(in million) tractor hp 
1963 167 34.95 6.90 
1964 172 35.94 6.66 
1965 176 36.77 6.48 
1966 182 38.05 6.22 
1967 189 39.49 5.94 
1968 195 40.92 5.72 
1969 199 42.23 5.57 
1970 203 43.95 5.43 
1971 206 44.94 5.33 
1972 209 45.94 5.23 
1973 212 46.92 5.13 
1974 219 48.74 4.95 
1975 222 49.68 4.79 
1976 228 51.42 4.65 
1977 232 52.70 4.55 
1978 238 54.46 4.42 
1979 243 55.86 4.32 
^Source: USDA (1972 through 1980). 
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calculated for the 1940-79 period, and are presented In Table 1.5. 
The number of tractors in U.S. agriculture increased more than six 
fold, i.e. from 26 to 187 per 100 farms during the last 40 years. 
Similarly, the number of combines used increased from 3 per 100 farms 
to 23 per 100 farms during the same 40-year period. Regardless of 
qualitative improvements in combines, this measures a 667 percent in­
crease in the 40 years or, on the average, 16.68 percent per year. 
These numbers, however, are partly inflated because Df the decreasing 
number of farms in the U.S. 
The last two columns of Table 1.5 represent the planted acres per 
tractor or per combine for 1940-79. The operational area of a tractor 
unit was 677 acres in 1940, which declined to 238 acres in 1965. Con­
versely, the number of tractors per 1000 acres increased 285 percent in 
those 25 years. In the more recent years, the acres per tractor are 
slightly up (e.g. 241 acres in 1979), mainly due to an increase in the 
size and operational capacity of the newer tractor units during this 
period. Also, the operational area of a combine unit decreased from 
5583 acres in 1940 to 1128 in 1960, a decrease of 494 percent. Similar 
to tractors, after the 1960s, the acres per combine increased slightly 
mainly due to massive increases in the size of a combine unit. Thus, in 
general, the historical trends in the above four ratios indicate that 
the concentration of machinery increased in U.S. agriculture during the 
last four decades. 
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Table 1.5. Number of tractors and combines per farm, and number of 
acres per tractor and per combine. United States, 1940-79, 
selected years® 
Tractors Combines Acresb Acres 
Year per per per per 
farm farm tractor combi ne 
1940 .26 .03 677 5583 
1945 .40 .06 485 3044 
1950 .63 .13 341 1623 
1955 .94 .21 268 1187 
1960 1.18 .26 251 1128 
1965 1.43 .27 238 1252 
1970 1.56 .27 239 1396 
1975 1.79 .21 238 2028 
1976 1.81 .22 239 2010 
1977 1.83 .22 240 1972 
1978 1.84 .23 241 1955 
1979 1.87 .23 241 1943 
^Source: USDA, ESCS (1978a, 1979). 
^The acres refer to planted acres. 
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Machinery Costs and Investments 
Mechanical power or machinery is like any other purchased input in 
agricultural production. Services of machinery enter the production 
process just like services of labor. However, unlike most other agri­
cultural inputs, machinery is a durable good, yielding a stream of 
services over time. The relative importance of machinery input among 
all agricutlural inputs over the historical period of 1935-79 is dis­
cussed in a following subsection. Also, the national and regional 
annual investments in different machinery are analyzed in this section. 
Trends in national machinery costs and investments 
The cost of farm machinery used in the final product includes repairs 
and operation charges, depreciation, and petroleum fuel and oil charges. 
The interest charges are not included here as they are not available in 
published form. The costs of machinery input in the agricultural produc­
tion for 1935-79 are presented in Table 1.6. Also, the total U.S. pro­
duction costs, investments in machinery and net farm income time series 
are presented in the same table. 
Total production expenses, in current dollars, increased from $5.04 
billion in 1935 to $118.45 billion in 1979, an increase of 23.5 times 
in 45 years or at the average annual rate of 52 percent. Machinery 
expenses, on the other hand, increased by 28.94 times during those 45 
years, or at the average annual rate of 64 percent. Thus, machinery ex­
penses increased faster than all farm input expenses. The percentage 
share of machinery costs in total input costs increased from 17 percent 
Table 1.6. Cost of U.S. farm machinery, total cost of agricultural production, and their 
ratio; and U.S. investment in farm machinery, net farm income, and their ratio* 
Year Cost of machinery" 
Total 
cost of 
production 
Cost of 
machinery 
Investment 
in 
machinery 
Net 
farm 
income 
Investment in 
machi nery 
Total cost of 
production 
Net farm 
i ncome 
1935 861 5041 .17 448 2803 .16 
1940 1173 6761 ,17 1170 2282 .51 
1945 2135 12979 .17 1198 9251 .13 
1950 4218 19421 .22 3152 7718 .41 
1955 5489 22142 .25 2760 7508 .37 
1960 6343 27306 .23 2802 8072 .35 
1965 6618 33330 .20 4179 7957 .53 
1970 8199 43962 .19 4918 10205 .48 
1975 15173 75762 .20 8653 14201 .61 
1976 17319 83040 .21 9997 13163 .76 
1977 19087 90069 .21 10581 8472 1.25 
1978 21100 100418 .21 12735 14487 .88 
1979 24920 118449 .21 14409 14959 .96 
^Source: USDA, ESCS (1979). The cost, investment, and income are in millions of current 
dollars. 
^Cost of machinery used in production includes: repairs and operation charges, deprecia­
tion, and petroleum fuel and oil expenses. See details in the text. 
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in 1935 to 25 percent in 1955. This percentage share is slightly lower 
but stable at the 21 percent level during the last two decades. The 
lower machinery costs in agricultural production were probably due to 
the improved quality and work efficiency of modern machinery on farms. 
In order to replace depreciated machinery and also to provide more 
services, new machinery is added annually. Annual purchases of machin­
ery are treated as gross investments in machinery. Measured in current 
dollar?, farm machinery purchases exhibited an upward trend over the 
last 45 years. In general, annual purchases by all farmers in aggregate 
over the last 45 years have increased more than 32 times. The next two 
columns of Table 1.6 show a rather fluctuating time series of net farm 
income in current dollars and the proportion of that income spent on 
new machinery. On an average, farmers used 57 percent of their new farm 
income to buy new machinery every year. In general, the proportion of 
farmers' income spent on new machinery increased over the last 45 years. 
In 1945 farmers spent only 16 percent of their income on new machinery, 
but in 1979, the 96 percent of their annual income bought new machinery. 
This percentage could be higher due to the increased borrowed capital 
for investments in farm machinery. Also, machinery purchases in any given 
year depend on the net farm income of that and of previous years. There­
fore, in the short run, the above ratio could be very high. 
Table 1.7 contains investments in different farm machinery in the 
U.S. in constant (1967) dollars for the period of 1948-77. Farm machin­
ery is disaggregated into tractors, harvesting machinery, and other 
machinery; farm trucks, automobiles, garden tractors, etc. are excluded. 
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Table 1.7. Annual purchases (investments) of different types of farm 
machinery. United States, selected years, 1948-77® 
Year Tractors Harvesting machinery 
Other 
machinery 
Total 
machinery 
—IQfiT million Hnll 
1948 1271 . 436 2143 5469 (.232)b (.080) (.392) 
1950 1282 439 1924 5253 
(.244) (.084) (.366) 
1955 1013 329 1551 4058 
(.250) (.081) (.382) 
1960 602 360 1418 3417 
(.176) (.105) (.415) 
1965 1072 471 1963 4542 
(.236) (.104) (.432) 
1970 968 384 2105 4240 
(.228) (.091) (.497) 
1975 1262 565 1907 4437 
(.284) (.127) (.430) 
1976 1242 569 1682 4565 
(.272) (.125) (.369) 
1977 1201 581 1452 4359 
(.276) (.133) (.333) 
Average^ .240 .100 .418 1.00 
^Source: USDA, ESCS (1978b), and USDA (1972 through 1980). 
^The figures in parentheses are percentages of individual machin 
ery investments to the total machinery investments. 
^Average refers to the mean of annual percentages, 1948-77. 
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The annual purchases or investments are found to have cyclical and 
irregular patterns over the 30-year analysis period. Based on the 30-
year average, other machinery investments accounted for 42 percent, 
tractor investments for 24 percent, and harvesting machinery investment 
for 10 percent of the total farm machinery investments which included 
trucks, automobiles, and other equipment. The tractor investment share 
steadily increased from 23.2 percent in 1948 to 28.4 percent in 1975. 
Similarly, the harvesting machinery investment share increased, in 
general, from 8.0 percent in 1948 to 13.3 percent in 1977. Increases in 
these two machinery investments were mainly at the cost of other machin­
ery investments as the other machinery investment share decreased from 
39.2 percent to 33.3 percent during the same 30-year period. 
The percentage changes in the annual investments in different farm 
machinery indicate a compositional change in farm machinery over the 
years. The general direction of agricultural mechanization in the U.S. 
is towards highly specialized machines equipped with convenience facil­
ities, e.g. air-conditioned cabins with stereo and other equipment. 
Machines such as tractors, self-propelling combines, bigger in size with 
a much higher capacity (horsepower), capital intensive yet efficient in 
energy usage, are characteristic of modern farm machinery in the U.S. 
Trends in regional tractor investments 
The United States is divided into ten farm production regions (by 
the USDA) as shown in Figure 1.2. Unfortunately, most of the regional 
data series are not available in published form. Such data, for example. 
Mountain 
Pacific 
Northern 
Plains 
Del ta 
S ta tel 
Southeast Southern 
Plains 
Figure 1.2. Ten U.S. Department of Agriculture production regions (Alaska and Hawaii states are 
included in the Pacific region) 
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investments in different machinery, are estimated using different di-
aggregation schemes (see Appendix A) in this study. 
Different regions of the United States have experienced different 
levels of machinery utilization on farms during the historical period 
of 1948-77. High farm wages and declining labor availability in agri­
culture in the North and West led to early and faster mechanization of 
farms during this historical period. In the South, however, due to 
favorable labor markets and different socioeconomic conditions, mechaniza­
tion on farms was slow. Also, crops such as cotton and tobacco, grown 
mainly in the South, were not favorably adapted to mechanization. 
Machinery use was minimal in the mountain region due to prevailing ranch 
farming and a small crop acreage. The rate of growth of the level of 
machinery and the annual additions of new machinery on farms in dif­
ferent regions are the important aspects of the analysis of regional farm 
mechanization. Therefore, the main emphasis of this study is on regional 
analysis of farm machinery investment demand. 
Table 1.8 presents the estimated 1948-77 annual purchases of tractors 
in real dollars with their distribution of all ten regions. On an aver­
age, the corn belt alone bought 25 percent of the total tractors. Delta 
states had the lowest share. All regions' ranking based on their tractor 
purchases proportion to the total machinery purchases is presented in a 
bar diagram (Figure 1.3). This ranking was very closely related to the 
farm income ranking of the regions (USDA, 1980). In general, tractor 
proportions of the NE, LS, CB, NP and SP declined gradually for the last 
three decades. The AP, SE and DS regions experienced relatively 
Table 1.8. Annual tractor investments in ten USDA regions, selected years, 1948-77* 
Year NE^ LS CB NP AP SE DS SP MT PA 
10£7 mi 11-inn Hnllaxc 
1948 126 r 191 329 173 88 52 50 120 70 76 (.100)C (.150) (.259) (.136) (.065) (.041) (.039) (.094) (.055) (.060) 
1950 123 189 328 169 94 59 56 117 71 77 
(.096) (.147) (.256) (.132) (.073) (.046) (.043) (.092) (.056) (.060) 
1955 93 146 258 128 88 52 49 85 55 58 
(.091) (.145) (.255) (.126) (.087) (.052) (.048) (.084) (.055) (.057) 
1960 54 88 154 75 57 31 29 47 33 35 
(.089) (.145) (.255) (.125) (.095) (.052) (.048) (.079) (.055) (.058) 
1965 90 156 268 129 110 57 48 84 59 60 
(.084) (.145) (.250) (.120) (.102) (.053) (.051) (.079) (.055) (.056) 
1970 77 135 245 118 107 53 49 79 52 54 
(.079) (.140) (.253) (.124) (.110) (.054) (.051) (.082) (.054) (.055) 
1975 101 182 321 162 131 66 58 95 71 73 
(.080) (.145) (.255) (.129) (.104) (.052) (.046) (.078) (.057) (.058) 
1976 99 181 316 162 128 64 56 92 71 73 
(.080) (.145) (.255) (.130) (.103) (.052) (.045) (.074) (.057) (.059) 
1977 96 176 307 158 122 62 53 88 69 71 
(.080) (.147) (.255) (.131) (.101) (.051) (.045) (.073) (.058) (.059) 
Aver­
aged 
.087 .145 .254 .126 .095 .051 .048 .082 .055 .057 
^Source: USDA. ARS, and AMS (1960); USDC, Bureau of the Census (1959 through 1974); and 
USDA h 972 through 1980). 
nhe definitions of ten USDA regions are given in Figure 1.2. 
CThe figures in parentheses are percentages of regional tractor investments to U.S. tractor 
investment. 
^Average refers to the mean of annual percentages, 1948-77. 
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Figure 1.3. Distribution of regional tractor investments using the 
average of the annual percentages over 1948-77 
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increased tractor investments during the same period. The MT and PA, 
in general, maintained their shares. 
Trends in regional other machinery investments 
Regional annual other machinery investments in constant (1967) dol­
lars are presented in Table 1.9. The distribution of these investments 
is also presented in the same table. The distribution based on the 
averages of annual percentages over 1948-77 is shown in Figure 1.4. 
The regional other machinery investment distribution was not as wide as 
in the case of tractors, because the highest proportion was 23.4 percent 
(CB region) and the lowest 5.5 percent (DS region). However, the ranking 
of regions based on the size of their investment is the same in both the 
cases. The NE, LS, NP, SP and PA regions experienced decreases in their 
other machinery investment shares between 1948 and 1977, while the remain­
ing five regions experienced increases in their shares during the same 
period. This may be due to the fact that the former areas have been 
traditionally mechanized while later ones were using more mechanical power 
in recent years. 
A ratio of tractor investments to other machinery investments for 
each region revealed that the eastern part of the U.S. including NE, LS, 
CB, NP and AP had relatively higher investments in tractors and relatively 
lower investments in other machinery in 1977 than the western part (or the 
remaining regions). This may be explained by the type of farming per­
formed in these areas. Big orchards in the SE and PA, cotton farms in 
the DS and large ranches, and cattle farms in the MT and SP would require 
Table 1.9. Annual other machinery investments in ten USDA regions, selected years, 1948-77* 
Year NE^ LS CB NP AP SE DS SP MT PA 
1948 223 r 298 477 307 142 103 93 199 130 167 (.104)C (.139) (.223) (.143) (.066) (.048) (.046) (.093) (.061) (.078) 
1950 186 271 434 269 140 99 93 173 120 140 
(.096) (.141) (.225) (.140) (.073) (.051) (.049) (.090) (.062) (.073) 
1955 130 221 352 220 124 85 78 134 98 108 
(.084) (.143) (.227) (.142) (.080) (.055) (.051) (.087) (.063) (.069) 
1960 117 244 396 225 121 80 77 124 94 102 
(.082) (.140) (.227) (.129) (.085) (.056) (.055) (.087) (.066) (.072) 
1965 151 269 462 249 171 112 114 169 128 141 
(.077) (.137) (.235) (.127) (.087) (.057) (.058) (.086) (.065) (.072) 
1970 154 255 518 271 188 120 128 188 137 147 
(.093) (.121) (.246) (.129) (.089) (.057) (.061) (.089) (.065) (.070) 
1975 140 241 471 258 167 111 111 165 122 122 
(.073) (.127) (.247) (.135) (.088) (.058) (.058) (.086) (.064) (.064) 
1976 125 217 412 223 146 97 99 143 108 112 
(.074) (.129) (.245) (.133) (.088) (.058) (.059) (.085) (.064) (.066) 
1977 109 189 350 190 130 85 87 122 93 98 
(.075) (.130) (.241) (.131) (.089) (.059) (.060) (.084) (.064) (.068) 
Aver­
aged .081 .133 .234 .134 .084 .056 .055 .087 .065 .071 
®Source: USDA, ARS and AMS (1960), USDC, Bureau of the Census (1959 through 1974), and 
USDA (1972 through 1980). 
bThe definitions of ten USDA regions are given in Figure 1.2. 
CThe figures in parentheses are percentages of regional other machinery to U.S. other machin­
ery investments. 
^Average refers to the mean oi annual percentages, 1948-77. 
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Figure 1.4. Distribution of regional other machinery inveitmnts using 
the average of the annual percentages over 1946-77 
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relatively more other machinery and less tractors compared to other grain 
farming areas. 
Productivity and Machinery Use 
Productivity of different inputs is an important issue in agricul­
ture. It is difficult to attribute the exact level of productivity to 
a particular input where all inputs result in one output, through a pro­
duction process. The historical trends in the aggregate output, aggre­
gate input, other inputs and their productivities are presented in Table 
1.10. 
Total agricultural output measured by an index (1967 = 100) showed 
a continuous rise from 60 in 1940 to 121 in 1978. The index of aggre­
gate inputs remained fairly stable during this period. Productivity of 
all inputs in American agriculture increased steadily from 60 to 118 
during the last four decades. Mechanical power and machinery use in­
creased by 186 percent and labor use declined by 67 percent during this 
39-year period. This large increase in the amount of machinery and 
mechanical power, used partly to replace labor, caused output per mechan­
ical power and machinery unit to decline and fluctuate. 
Part of the reason of decreased machinery productivity is the use 
of farm machinery as a consumption good. Part of the machinery expendi­
tures could be investments to perform basic farm operations, but part 
could be consumer expenditure. Added costs to provide conveniences of 
having air-conditioned cabins, stereo, etc., having a second tractor of 
a different size, using machines to perform odd jobs which are difficult. 
Table 1.10. Indices of aggregate agricultural output, aggregate input, and other input sub­
groups with their annual productivities. United States, 1940-78, selected years* 
Aggre­ Aggre­ Mechanical Farm 
labor 
Machin­ Resource productivity 
Year gate 
output 
gate 
input 
power and 
machinery 
ery and 
labor* 
Aggre­
gate 
input 
• Mechani cal . Machin­
ery and 
labor 
1967 = 100 
1940 60 100 42 293 54 60 143 21 111 
1945 70 103 58 271 88 68 121 26 80 
1950 74 104 84 105 98 71 88 71 76 
1955 82 105 97 105 102 78 85 78 80 
1960 91 101 97 100 100 90 94 91 91 
1965 98 98 94 99 99 100 104 99 99 
1970 101 100 100 101 97 102 101 100 104 
1975 114 100 113 96 105 114 114 119 109 
1976 117 103 117 97 108 114 100 121 108 
1977 121 104 118 99 110 116 103 122 110 
1978 121 103 120 98 110 118 101 124 110 
^Source: USDA, ESCS (1978a). 
''index of real cost of farm machinery and labor in agricultural production. 
25b  
140-
g 120. 
II 
vo 
a> 
"2 100, 
80 .  
6 0 -
40 . 
2 0 .  
Output/all inputs I 
Output/mechanical power 
and machinery M 
Output/labor L 
Output/machinery and labor B 
1945 19%5 "l^5 l3^ 
Year 
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1940-78 
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time consuming and not pleasurable should be included as consumption 
expenditure. These activities may yield very low or zero productivity 
of machinery, while basic farm operations may yield very high produc­
tivity. When combined, it indicates a decline in machinery productivity. 
As the labor use on farms declined and the output increased, the 
output per unit of labor increased 5.9 times in the last 39 years. Part 
of this tremendous increase in labor productivity should be attributed 
to machinery as labor was continuously substituted by it. To indicate 
a combined productivity of labor and machinery, an input index based on 
real expenditures on these two inputs is constructed. This index 
indicates that labor and machinery productivity together increased 
steadily from 1945 to 1978. 
Objectives 
There are two sets of objectives of this stu<ly. One encompasses the 
estimation of national and regional machinery demand functions. The 
second set of objectives pertains to the development of a forecasting 
model of the regional farm machinery demand sector to analyze energy 
prices, support prices, and export policies. The specific objectives 
are: 
I. 1. To analyze the historical structure of mechanization in the U.S. 
agriculture. 
2. To develop theoretical models, identify economic and other var­
iables that help explain the variability in farm machinery in­
vestment by farmers in the ten USDA regions. 
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3. To calculate the relative magnitude of the effect of these var­
iables on different machinery types in different regions in the 
form of elasticities, impact and dynamic multipliers. 
4. To test the structural change, statistically, in the models 
between two specified periods. 
II. 1. To develop and estimate a block recursive forecasting model of 
the U.S. farm machinery investment sector with regional dellnea 
tion recognizing all the possible linkages between interrelated 
variables relevant to the farming sector. 
2. To forecast and analyze the potential impacts of alternative 
policies of energy prices, price support, and export levels on 
the regional farm machinery investments up to 1990. 
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CHAPTER II. INVESTMENT THEORY AND ECONOMIC MODELS 
Farm machinery is a durable input used in the production of agri­
cultural commodities. Therefore, investment in durable capital goods 
is of special importance to this study. Relevant economic theories 
explaining farmers' investment decisions are outlined in the first sec­
tion of this chapter. The second section deals with alternative economic 
models based on theories explained in the first section. 
Investment Theories 
This section explains the derived investment demand which is based 
on a profit-maximizing behavior in each time period separately; the 
neoclassical theory of investment involving dynamic decision making; 
and the multiequation approach to the investment in different machinery. 
Derived investment demand 
Farm machinery is an important factor of production in all developed 
countries' and some developing countries' agriculture. The inclination 
towards mechanization can be attributed to three motives—economic, 
technical and prestige as explained by Meyer and Kuh (1957). The profit 
maximizing motive is the most important one. Farmers have rational ex­
pectations and are assumed to maximize the profits from their farming. 
The demand for a production input, such as machinery, is a derived 
demand based on the demand for the final product. Assume a given profit 
function as follows. 
n 
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where it represents profits, Y is output, its price, X^s are different 
inputs and P^s their prices, and F is a fixed cost of production. In 
order to maximize the profit, the marginal physical product (MRP) of 
each input is equated to the ratio of input and output prices; i.e., 
P,-
MPPj = i = 1, 2, ' n . (2.2) 
Assuming a declining MPP curve, any increase in machinery price, holding 
output price constant, will increase the price ratio and result in a 
decline in the optimum machinery use. An increase in the output price, 
on the other hand, will result in a higher level of machinery use. 
Solving these n first order condition equations simultaneously, derived 
demand functions for inputs can be obtained. Thus, the prices of re­
lated input substitutes or complements enter as the independent vari­
ables (arguments) in the input demand equation. 
Demand for a durable input such as farm tractors is a demand for 
its services and in turn a demand for a stock. It is the services of 
machines that enters the production process as an input and not the 
annual purchases of new machines. Assuming one-to-one correspondence 
between services and stocks, the optimum level of input demand then 
decides the optimum level of machinery stock (S*) as obtained from the 
profit maximization exercise. This desired machinery stock model can 
be written as follows: 
= SG + AI(P„/PP)T + AGW; + ••• + (2.3) 
where P^^Pp is a ratio of price of machinery to aggregate price of all 
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agricultural products; W is farm labor wage rate; u represents stochastic 
disturbances; t represents the tth year; and a's are the structural 
coefficients. 
Farm machinery level is a stock concept, while annual machinery 
purchases is a flow concept. New machines are bought every year, partly 
to replace old machines and partly to provide new services. Thus, 
these annual purchases are equivalent to the gross investments. To 
attain the desired level of machinery stock, farmers adjust their stock 
slowly as it involves adjustment costs and replacement costs. Assumed 
here is a stock adjustment process used by Griliches (1960), i.e., 
St - Sfl • - Sfl' (2 4) 
where g is the adjustment coefficient. The magnitude of g reflects the 
speed of adjustment. Griliches estimated the g to be .17 for U.S. 
agriculture and Rayner and Cowling (1968) estimated it to be .68 for 
U.K. agriculture. 
Change in stock is a net investment (S^ - S^ -j). Further, the gross 
investment (I^) is equal to the net investment plus the replacement 
investment or depreciation allowance (D^), i.e., 
't ' St - St-1 " "t • (2 5) 
For simplicity, is assumed to be directly proportional to the capital 
stock, i.e., 
Dt = dSt_, (2.6) 
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where d is the proportion of stock that is depreciated annually. By 
substituting equations 2.3, 2.4 and 2.6 into equation 2.5, we obtain 
an investment function for tractors or machinery in general, as follows: 
It = • S^l'Vp't * 9'2"t + " ' + (d -9) Vl * 9"% 
= + B,(P^PP)T + 4. ••• 4. BKS,_, + VJ (2.7) 
where b's now represent the structural coefficients of the investment 
function. The negative of the coefficient b^ or (d - g) measures the 
net machinery stock adjustment speed on farms. In order to reach the 
desired stock level in a finite time interval, the coefficient (d - g) 
has to be negative. 
Neoclassical investment theory 
Investment in any capital good involves dynamic decision making. 
A durable capital good purchased in the present time yields a stream of 
services that are used in a production process. In turn, it gives a 
stream of income over the next certain number of years depending on the 
life of that good. Based on this observation, Jorgenson (1967) estab­
lished his neoclassical theory of optimal capital accumulation. Using 
his notations, the flow of net receipts at time t (R(t)) is given by: 
R(t) = p(t) Q(t) - w(t) L(t) - q(t) I(t) (2.8) 
where Q, L, and I represent levels of output, variable input labor, and 
investment in durable goods, respectively, and p, w, and q represent 
the corresponding prices. Two main constraints are: (1) Net investment 
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is equal to total investment less replacement, where replacement Is 
proportional to capital stock; mathematically. 
where k(t) is the time derivative of the flow of capital services at 
time t(K(t)), and 6 is the depreciation rate, 
(2) Levels of output, labor and capital services are constrained 
by an implicit production function: 
for each time t. 
To maximize the present value (PV) of a stream of future income 
subject to the above two constraints, consider a lagranglan expression: 
PV = /p [e-rtR(t) + x^ft) F(Q,L, K) + A^(t)(K - I + 6K)]dt (2.11) 
where r is a discounting rate and x's are lagranglan multipliers, and 
dt represents a continuous change in time. Using calculus of varia­
tion, the Euler necessary conditions for the maximization problem are 
obtained. The marginal productivity condition for labor Is the same as 
usual (in the case of one period maximization at a time), i.e., 
f ' F  ( 2  ' 2 )  
where is marginal product of labor. However, the marginal productiv­
ity condition for capital services is 
k(t) = I(t) - 6K(t) (2.9) 
F(Q, L, K) = 0 (2.10) 
(2.13) 
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where 
c = q(r + 6) - q (2.14) 
and q is a time derivative of q. 
Equation 2.13 states that the marginal product of capital (|^) 
should be equated to the real shadow price or rental cost of capital 
services in each time period. With further illustrations, Jorgenson 
derives an investment demand function such as 
I = I(c, p, w, c, p, w) . (2.15) 
This equation concludes that the investment is a function of the implicit 
rental on capital services, product prices, wage rate (prices of related 
inputs) and the changes in these variables in each point in time (I.e., 
c, p, and w). 
Multi-equation investment model 
Most of the modern farm machinery is highly specialized on the 
basis of the type of operation it can perform. Harvesting machinery 
(e.g. self-propelling combine) is used only for harvesting purposes and 
could not be used for cultivation of land. Tractors, on the other hand, 
could not be used for harvesting crops efficiently. Farm trucks are 
used for transportation; and then, there are accessories and equipment 
which are in a class by themselves. Therefore, the services of these 
machinery groups are assumed to be the separate inputs entering into a 
farm production process. Based on the profit maximization motives of 
the farmers, these should have simultaneously derived demands. More 
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specifically, a demand for tractors is likely to be affected by demand 
for harvesting machinery and vice versa. Demand for other machinery 
is likely to be dependent on tractor demand and so on. This multiequa­
tion approach to investments in farm machinery has been recognized in 
the literature (Rayner and Cowling, 1968). 
This simultaneity among different machinery groups could also be 
explained by considering an institutional aspect. The modern farm is 
a complex organization. The farmer as a manager or director of opera­
tion has to coordinate different decisions about various farm Inputs. 
He usually is expected to evaluate alternate plans of buying different 
machinery with his limited budget. This Is a similar case as to an 
industrial firm investing in different equipment or competing projects. 
A similar simultaneous equation model for investments for private firms 
is analyzed by Dhrymes and Kurz (1967). 
Models of Farm Machinery Investment 
Based on the investment theories presented in the preceding section, 
economic models are developed here. These models are general and 
exemplary in nature and could be employed for any particular type of 
machinery. Only the important variables are emphasized in each model; 
however, the alternative specification of each model including different 
variables Is possible. Most of these models have been used by Cromarty 
(1959), Griliches (1960), Heady and Tweeten (1963), Rayner and Cowling 
(1968), etc. 
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Model A 
The first model is specified based on the derived demand equation 
(2.7). It is essentially an adjustment model. The amount of tractors, 
for example, demanded by farmers as an investment is a function of 
tractor price (Pj), price of all agricultural products (Pp), prices 
of related inputs such as labor (W), and the interest rate (R). Financial 
factors such as credit availability are important in deciding the invest­
ment level; cost of external credit, the interest rate charged by the 
lending institutions, therefore, is one of the main determinants of 
the investment. Model A is specified as: 
" *0 * *l(^T/^p)t * ^Z^t ^S^t ®4^Tt-l "t (2-16) 
where T^ represents the amount of tractor investment (demanded) in 
period t; is the lagged stocks of tractors on farms; a's are 
structural coefficients; and u is an error term which is assumed to 
follow a normal distribution with zero mean and constant variance for 
econometric estimation and coefficient significance testing. 
The price variable Pj is substituted by the price of harvesting 
machinery (P^) in the harvesting machinery model and the price of 
machinery (P^^) in the other machinery model. Similarly, corresponding 
stock variables (S^ and Sq) are used. In an alternative specification, 
a ratio P^/W can be used to reflect the substitutability between machin­
ery and labor. 
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Model B 
A machinery investment (M) model such as 
= A + B(PM/PP)T + CMT_I + U^ (2.17) 
is similar to that developed by Koyck (1954) and Nerlove (1958). It is 
based on the assumption that the current machinery purchases are affected 
not only by current prices but past prices as well. Based on this 
assumption, few other economic variables can be added in model B. 
Model £ 
One of the important factors farmers may consider (at least in recent 
years) while buying machinery is the price of energy. Most of the energy 
used in agriculture is used on (or with) machinery. Therefore, the 
price of fuel and oil (PQ) is specified in investment model C: 
= ^0 + bi(pM/Pp)t + bgOgt + bgP^t + u^ . (2.18) 
The price of land (P^) reflects the land-machinery relationship. As 
land becomes relatively scarce, the intensity of farming (e.g. mechaniza­
tion level) increases in order to maintain/increase the total production. 
The price of motor supplies is a close substitute of PQ, which ex­
presses the cost of maintenance of machinery on farms. 
Model D 
Internal credit availability which depends on current and past 
profit levels is one of the major factors in investment decision making. 
However, current income unknown, the expected income level can be a main 
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argument in a given demand function. Therefore, an expectations model 
is specified as: 
^T ^ ^0 + C^(PF^/PP)^ + CGYGT + + U^ ,  (2.19) 
where 
YEt = "nn-i) Y /"i (n-i) . (2.20) 
i=0 ^ ^ ' i=0 
i.e., Yg^ is the expected income estimated as a weighted average of past 
net farm incomes (Y^ .j's). As an alternative, the expectations can be 
formed by taking a simple average of past n years, n=3 in this study. 
The debt to asset ratio is denoted as D^. 
Risk is a major factor, considered while making investment decisions, 
as recognized by Just (1974) and others. The variance of the return to 
investment may be more important than the return itself. Risk is 
measured as the variance between actual and expected net farm income. 
The simplest measure of variance is the deviation of actual income from 
the weighted average value (Yq) in year t, i.e., 
*Dt * - "Et (2 21) 
where Y is the actual net farm income. 
The year 1973 was exceptionally good as the net farm income in most 
regions of the U.S. was very high. This effect came about due to wheat 
purchases in large quantities by the Soviet Union. This effect can be 
captured through a dunn\y variable with 1973 equal to one and zero other­
wise. 
Equity is often used as a measure of the capital borrowing capacity 
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of the farmers. To some extent it may decide the level of investment 
on farms. A ratio of debt to asset (D^^) in agriculture is used in 
model D to reflect opposite effect to equity. A percentage debt to 
total asset also measures the actual borrowing related to the value of 
farm assets, which may influence machinery purchases directly. 
Model E 
Technological factors are given main emphasis in model E. Due to 
the capital intensive technology in agriculture over the years, the 
farm size (Z) is increasing to utilize the economies of scale. The 
increasing farm size may exert an upward pressure on machinery use as 
the new farms become economical units for big machinery. However, it 
could have the opposite effect on purchases of new machinery if on the 
average it meant that machine capacity is now more fully utilized. The 
linear specification of the model is: 
^ + "t ' (2.22) 
All coefficients and variables except are defined before. 
A proxy for technology in agriculture pertaining to annual tractor 
purchases is denoted by and is derived from the Pearl curve, similar 
to the one used in A6RIM0D (Levis, 1977, pp. 59-60). It is computed 
by the following equation: 
Gyt = h - d/(l + e9(t"to)) (2.23) 
where t^ is a year at the midpoint of a given time series, and e» 2.7183. 
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The derivation of Gj^ is based on the assumptions: 
(a) total possible Increase in tractor demand due to technological 
improvements is the difference (d) between the highest and lowest 
historical purchases in a given time period; 
(b) the limiting highest (asymptotic) tractor demand is set to the 
historical highest (h) value; 
(c) the time growth parameter (g) is chosen in order to match the 
observed historical maximum rate of change of the tractor pur­
chases over time. 
Similar technology variables are constructed for harvesting and 
other machinery to use in the corresponding models. 
Model F_ 
This model is designed to recognize the growing awareness of general 
economic conditions on the part of the farmers. A general slowdown in 
the econorry as indicated by the index of leading economic indicators 
slows down or even reduces the major farm investments like machinery 
purchases. Thus, model F is: 
* ®2^Et ®3^t ®4^Ct "t (2.24) 
where represents the index of roughly coincident economic indicators. 
Other forms of economic indicators such as indices of leading indicators 
and lagging indicators are good substitutes for Ig in the model F. 
Furthermore, 'severe' economic conditions sometimes can simply be ex­
pressed through a dummy variable (Dg) with zeros and ones. 
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Model G 
Model G is directly based on Jorgenson's investment theory ex­
plained in the preceding section. It is: 
^t ^ *0 * ®l^Tt ^ *2^% + agPpt + + a^Ap^ + (2.25) 
where I is investment in a durable good, Cj is the implicit rental cost 
of that good (defined as c in 2.14), and a dot on each variable repre­
sents a discrete time derivative of that variable. An alternative to 
include the essence of this theory into a usual demand function could 
be to use Cj to replace Pj in other models. 
Model 
Multiequation approach to investment demand is subscribed here. 
Given a limited budget, farmers' decisions of investment in tractors, 
harvesting machinery or other machinery are not likely to be independent. 
Econometrically the error terms across equations are not independent. 
Therefore, a system of investment functions should be specified and 
solved simultaneously. 
Model 2 
Recognizing the simultaneity in the investment in various machinery 
types as explained before, a system of simultaneous equations of invest­
ments in tractor (T), harvesting machinery (H) and other machinery (0) 
can be written as: 
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Tt ^ *0 * ^ ®2^Et + •" + * ®k+l°t * "t 
"t = bo + W^ph + bgZ; + ••• + b^Tt + bk+iOt + (2.26) 
^t = ^0 + Ci(PM/Pp)t ^ CgYft + * '^k^t ^ ^k+l"t •*" *t 
where u, v, and w are error terms in the system. Attention should be 
given to the identification of the system in order to obtain a unique 
model solution. 
Other significant variables are added to models A to I whenever 
needed, in order to explain more variability in the investment time 
series. 
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CHAPTER III. STATISTICAL CONSIDERATIONS AND PROCEDURES 
To accomplish the objectives aforestated, not only the correct 
specifications of economic models, but also the appropriate econometric 
techniques and tests are warranted. In order to attain the first set of 
objectives, tractors, harvesting machinery and other machinery demand 
models at national and regional levels are estimated. Alternate formu­
lations based on the discussion in the previous chapter involve a single 
equation, a system of seemingly unrelated equations or a system of 
simultaneous equations. Econometrically, most desired estimation tech­
niques which are employed in this study are explained in brief later in 
this chapter. 
Statistical Tests for Structural Change 
Fisher equality tests are useful to test and decide the statistical 
significance of a structural change over two or more specified periods 
(Fisher, 1970). To employ this test, we define Y as a dependent variable; 
Period I Model: + u^ (3.1) 
with T^ observations and K exlanatory variables (X), 
Period II Model: Y^^ = X^^S^^ + u^^ (3.2) 
with Tg observations and the same explanatory variables. Also, let 
T, T TJ = T .  
The stochastic disturbances (u's) are assumed to follow a normal distribu­
tion with zero mean and constant variance. 
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Estimate both the models and calculate the error sum of squares for 
the unrestricted model (ESS^) using these two ESS, given as below. 
Period I Model: 
Period II Model 
ESS^ with df^ = 
ESS^I with dfll Tg - K 
Also calculate ESS^ = ESS^ + ESS^^ with df^ = df^ + df^^ T - 2K ,  
where df^ are degrees of freedom for the model i. i = I and II. Then, 
formulate and estimate a restricted model by "stacking" the two periods. 
Restricted model: Y = X6 + u 
or 
V "  v v 
wll 
= 
„n 
6  +  II Y X u  
(3.3) 
which on estimation yields, ESSp with dfp = T - K. 
An alternate method of specifying and estimating the unrestricted 
model is: 
"u-
yielding ESS^ with df^ = T - 2K. 
v 
1 
o
 
1 
^
 
y V" 
y". X 
o
 
+ 
u" L # 
(3.4) 
To test the hypothesis that all parameters are the same for both 
periods, construct the F test as follows: 
P , (ESSR - ESSU)/(dfR - dfu) 
(ESSR - ESSu)/K 
" ESSy/lT - 2K) 
(3.5) 
In order to test a null hypothesis that all slope parameters are 
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the same but the intercepts may be different, estimate a new restricted 
model : 
^t + 6^ Dg + BgXgt + + GK*K * "t (3.6) 
where D^. = 1 for period i; i = I, II. 
= 0 otherwise 
using ESS and df (T - K - 1) construct the F test as before. 
Upon performing these tests, if we conclude that the sets of 
structural coefficients over the different periods are not signifi­
cantly different from each other, then it is meaningful to construct 
a single model for the entire period of analysis. 
Structural Form of the Simulation Model 
The model developed, estimated and simulated in this stucly Is based 
on the structural form of a mixed block recursive type of model. Follow­
ing Kmenta's (1971) notation, the structural form of a system of G equa­
tions, G endogenous variables, K predetermined variables and T observa­
tions can be written in matrix form as follows: 
By^ + rx^ = u^, t = 1,2, ',T 
where 
^It 
^2t 
^Gt 
*t ^ 
(Gxl) 
Mt 
^2t 
Tt (Kxl) 
u* = 
'It 
'2t 
'Gt (Gxl) 
(3.7) 
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and y's are jointly dependent variables (JDV), x's are predetermined 
(exogenous and lagged dependent) variables (PDV) and the u's are 
stochastic disturbances. The r is a 6xK matrix of the known structural 
coefficients. Matrix B can have different forms depending on the type 
of a system. If the system consists of all simultaneous equations, 
matrix B of known coefficients is of the form 
B = 
^11 ^12 • • 
^21 ®22 • • 
0 16 
^26 
Sqi 002 • • • ®GG 
(3.8) 
If the system consists of equations interrelated through disturbance 
terms, and each equation has only one JDV, then 
B = 
011 0 
322 
. . . 0 
. . .  0  
. . .  0  GG 
(3.9) 
This type of system is not simultaneous but seemingly unrelated. 
Triangular B matrix, i.e. 
011 0^2 •• • ^iG 
B = 
0 2 2  • •  •  0 2 G  
0 0 . . . 6 GG 
(3.10) 
represents system where the flow of causality is unilateral. If the co­
efficient matrix with R systems (blocks) is as follows: 
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B = (3.11) 
0 0 . . . B, RR 
where the B's are matrices of given dimensions, the model is called 
block recursive. The model developed for this study (presented in 
Chapter VI) contains systems with blocks of simultaneous, seemingly un­
related and recursive type. Therefore, it is called a mixed block 
recursive model, as block recursive term usually refers to the blocks 
of similar type. 
The model represented in Chapter VI is identified and hence would 
yield unique model solutions. Reduced form equations of the model are 
used for simulations. The reduced form of the model is given by 
Various appropriate econometric techniques are used to estimate 
the single equations and systems of equations used in this simulation 
model as well as developed for the demand function analysis. These 
estimation procedures are described briefly in the next three sections. 
A single equation econometric model with dependent variable Y, and 
explanatory variables x^,x2,...x^. linear in variables and coefficients, 
can be written in matrix form as 
(3.12) 
where n = -B"V and v^ = B"^u^. 
Single Equation Estimation 
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Y = X6 + u (3.13) 
where the dimensions of Y and X are (Txl) and (TxK), respectively. The 
6 is a vector (Kxl) of structural parameters and u is a vector (Txl) 
of stochastic disturbances. The usual assumptions about the disturbance 
terms are 
E(u) = 0 (3.14) 
and E(uu') = (3.15) 
where o is a true variance and ly is an (TxT) identity matrix. Addi­
tional assumptions are that X is a matrix of fixed observations and has 
a rank K<T. 
Ordinary least squares 
Ordinary least squares (OLS) estimators of the structural parameters 
in a single equation with the above-mentioned assumptions are given by 
g = (X'X)"^X'Y . (3.16) 
These are best linear unbiased estimates (BLUE). 
Autoregressive least squares 
Autoregressive least squares (ALS) is applied to those single equa­
tions where the error terms are serially correlated. Assumption 3.15 
now does not hold. It is changed because 
E(u^^) = 
but ^^"t"t+s^ / 0 for all t and s / 0 . (3.17) 
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Under such autoregressive error structure, the OLS estiiwtes are unbiased 
but not efficient. Also, the precise forms of t and F tests are not 
valid. Therefore, assuming the first order autoregressive scheme 
and using g (the estimate of autoregressive parameter) the original 
model (3.13) is transformed using the SAS-79 (Barr et al., 1979). This 
transformation yields the error term (e) with all the desirable proper­
ties. Then OLS is applied. The resulting ALS estimates are unbiased 
and efficient. 
ALS with lagged dependent variable 
ALS is not an appropriate estimation method when a model includes 
lagged dependent variable as one of the explanatory variables. In a 
model 
the error term u^ would be correlated with y^_] if u's are serially cor­
related. This violates the assumption of nonstochastic regressors and 
results in the estimates which are biased and inconsistent. In order 
to alleviate this problem, the instrumental variable technique has been 
suggested in the literature. The actual values of lagged dependent 
variables are replaced by estimated values which are independent of 
u^'s. Regress y^ on and x^ -j to obtain Create a lagged y^_^ 
variable to be used as an instrumental variable to substitute for the 
y^1 in equation 3.19. 
(3.18) 
ft = »o + Vt-, * "t (3.19) 
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All the equations in this study involving lagged dependent vari­
ables and autocorrelation, except the ones used in simulation models, 
are estimated by this technique. In order to distinguish from regular 
ALS, it is referred to as ALSI. This estimation is performed using 
SAS-79 (Barr et al., 1979, p. 133). 
Seemingly Unrelated Equations Estimation 
A system of seemingly unrelated equations consists of a group of 
equations which are linked as the disturbance terms are correlated across 
equations (Kmenta, 1971). One of the examples of such a system is a 
demand for variety of investment goods, e.g. tractors, combines, etc. 
Error terms of each equation are likely to be correlated with the other 
equations at a given point in time, i.e. contemporaneous correlation. 
A system of 6 seemingly unrelated equations can be written as follows: 
Y. = X. g .  + u. , j = 1,2, ..,G (3.20) 
J  J J  J  
where Yj is a vector of Txl 
Xj is a matrix of TxKj 
gj is a vector of KjXl 
Uj is a vector of Txl. 
By "stacking" all the Y and u vectors, the model can be written as 
'h' o
 
o
 1
 
'"l' 
h = 
•
 •
 
o
 
•
 
•
 
X
 
ro
 o
 
^2 + "2 
h 0 0 . . . XQ "6 
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or in a concise form 
Y = X6 + u 
Methods used to estimate such a system are described below. 
Three-stage least squares 
It is assumed that there is no heteroscedasticity and autocorrela­
tion between error terms within equations; however, there exists cross-
equation correlation. This can be seen from the following variance-
covariance matrix. 
E(uu') = n = 
Oil 0^2 
°21 °22 
°G1 °G2 
'IG 
'2G 
'GG 
©I (3.21) 
Application of OLS equation-by-equation does not take into account the 
cross equation correlation. Therefore, as proposed by Zellner (1962), 
application of Aitken's generalized least squares to the whole system 
simultaneously yields parameter estimators assymptotically more effi­
cient than single equation OLS estimators. This method is also called 
3SLS since it involves basically the same steps. 
Autoregressive three-stage least squares 
The assumption of no autocorrelation within each equation is very 
restrictive and may not be satisfied in many cases, especially with 
economic time series observations. In this case, assuming first-order 
autoregressive scheme, the variance-covariance matrix would be modified 
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as 
E(uu') = n = 
^ll^l^l' 012^1^2' 
021^2^1 *22^2^2' 
°GlVr 062^6^2' 
*16^1^6' 
*26^2^6' 
*66^6^6' 
(3.22) 
where 
'j = 
(i-pj^)"^ 
pj(i-p/)-'^ 
0 
1 
0 
0 
p/ - ' ( l -p / ) - ' '  P j  T-2 T-3 
(3.23) 
.th where pj is the coefficient of autocorrelation in the j equation. 
Using Pj matrix, the variables in the equation can be transformed. 
Then as proposed by Parks (1967), 3SLS can be applied to the whole system 
to obtain consistent and more efficient estimators. This estimation 
procedure in this study is denoted as autoregressive three-stage least 
squares (A3SLS) method. The steps of the procedure following Fuller 
(1978) and using SAS-79 are as follows: 
(1) Estimate each equation by OLS. 
(2) Use the estimated residuals (û's) of the equation in AUTOREG 
to calculate Pj(j = 1,2,---G) by regressing the û's on column of 
of ones. Transform all the variables in the equation using 
Pj. Transform other equations similarly. 
(3) Take the transformed data into SYSREG and add û^_i to the model. 
Estimate the augmented model by 3SLS. 
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The coefficient of is called Ap^ and added to Pj to obtain the 
final estimate of the autoregressive parameter (pj). 
This procedure is used to estimate an equation of tractor demand 
in the Lake States region. 
Simultaneous Equations Estimation 
A theoretical system of simultaneous equations described earlier 
in equation 3.7 is 
By^ + rx^ " "t* t = 1,2,...,T 
where y's are G JDVs and x's are K PDVs. B and r are matrices of struc­
tural coefficients associated with JDVs and PDVs, respectively. The 
assumption of no serial correlation for each equation, i.e. 
Efu^u^+g) = 0 for all t and s / 0 (3.24) 
is made. But, the error terms across the equations are likely to be 
correlated for each time period, due to the simultaneity among equations, 
i .e. 
E(u^^uj^) f 0 for equations i and j . (3.25) 
An application of OLS equation-by-equation to the system gives biased 
and generally inconsistent estimates of the structural parameters. 
Two-stage least squares 
Two-stage least squares (2SLS) is a limited information method of 
estimating simultaneous equations. It assumes that the right-hand-side 
endogenous variables of an equation are correlated with the disturbance 
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term, but the disturbance terms across equations are not correlated, 
i.e. equation 3.25 does not hold (Pindyck and Rubinfeld, 1976, pp. 267-
268). The derivation of a 2SLS estimator is given in Intriligator 
(1978, pp. 384-394) and Johnston (1972, pp. 380-384). The resulting 
2SLS estimates are still biased but consistent. 
Autoreqressive two-stage least squares 
It is possible that disturbance terms in some of the equations are 
serially correlated, i.e. assumption 3.24 becomes E(u^u^^g) f 0 for 
s f 0. In such cases, autoregressive two-stage least squares (A2SLS) 
should be used to obtain consistent and efficient estimators. 
Fuller (1978) has suggested a procedure to obtain A2SLS estimates. 
Following SAS-79, the steps of the procedure are as follows: 
(1) Estimate the equation by 2SLS treating the lagged endogenous 
variables as endogenous and using only exogenous and lagged 
exogenous variables as predetermined variables. 
(2) Take the estimated residuals (û's) from the estimated equation 
of step 1 in AUTOREG to calculate a preliminary estimate of the 
autoregressive parameter (,9) by regressing û's on column of ones. 
Then transform all the variables in the system using g. 
(3) Take the transformed data into SYSREG, adding û^i to the model. 
Estimate the augmented model by 2SLS using the transformed data 
and including the transformed lagged dependent variables as pre­
determined variables. 
The final estimate of the autoregressive parameter (3) is obtained 
by adding Ap (coeff icient for ût- l)  to (5 .  The signif icance level of p 
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is tested by calculating t statistic using standard error of A(5. 
Three-stage least squares 
The 2SLS does not take into consideration the covariance matrix 
of disturbance terms of the structural equations. Three-stage least 
squares (3SLS) takes explicit account of this covariance matrix that 
is estimated from the second-stage residuals. Hence, it is called a 
full information method. It differs from 3SLS in seemingly unrelated 
equation systems in that it uses 2SLS estimates rather than OLS esti­
mates. The estimates produced by 3SLS are consistent and asymptoti­
cally more efficient than 2SLS. The derivation of 3SLS estimators is 
presented in Intriligator (1978, pp. 403-411) and Johnston (1972, pp. 
395-397). 
In this study, 3SLS technique is used to estimate simultaneous 
equations which showed very high correlation among equations estimated 
by 2SLS. 
Autoregressive three-stage least squares 
An assumption of no serial correlation for all equations in a 
given system may not be valid. In such cases, theautoregressive three-
stage least squares (A3SLS) gives more efficient estimates than 3SLS. 
A procedure outlined by Wang and Fuller (1979, pp. 9-11) for A3SLS 
yields consistent estimators. Using SAS-79, the steps are as follows: 
(1) Use 2SLS to estimate each equation in the system treating lagged 
endogenous variables as endogenous. 
(2) Take the estimated residuals (û's) from each equation into AUT0RE6 
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and calculate for equation. Transform the data in each 
equation by using g^ calculated from that equation. 
(3) Take the transformed data into SYSREG and add û^_i's to each 
respective equation in the system. Estimate the augmented model 
by 3SLS using the transformed data and including the transformed 
lagged endogenous variables as predetermined variables to their 
respective equations. 
The final estimates g^'s are obtained by adding to Sig­
nificance of these estimates is tested as in case of A2SLS. 
Each system of the simultaneous equations estimated by 3SLS was also 
estimated by an A3SLS. None of the autoregressive parameters were found 
significant. Hence, those estimates are not reported. 
56 
CHAPTER IV. U.S. FARM MACHINERY DEMAND 
Empirical estimates of the aggregate machinery demand functions are 
presented in this chapter. Prior to presenting the results, however, a 
note on the treatment of qualitative changes in machinery over the 
analysis period is described. Then, the results and conclusions of the 
statistical tests on structural change are discussed. 
Dependent Variables and Qualitative Changes 
One of the objectives of this study is to estimate the demand func­
tions for different types of machinery using time series data. A measure 
and form of the dependent variables is very important as the machinery 
units, tractors, for example, of today are radically different in size, 
capacity and efficiency from those of three decades before. They are 
not homogeneous, rather they have experienced different qualitative 
changes related to basic tractor unit such as conversion of diesel engines 
to gas engines, incorporation of hydraulics and sophistication of most 
other systems. Changes in size, horsepower, and other accessories such 
as air-conditioned cabins, radio, etc. are more of a quantitative change 
rather than a qualitative change, which is usually reflected in the 
price of a tractor. One way to compensate for the qualitative differences 
is to construct an explicit quality index (Griliches, 1960; Rayner and 
Cowling, 1968). However, construction of an accurate and explicit 
quality index which will account for all the qualitative characters 
(often nonquantifiable) in a tractor (or any other machine) is almost 
impossible, or very complicated, indeed. Instead, proposed here is an 
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implicit quality consideration. To elaborate on this, let Pj^ be a 
current price of a tractor that a farmer has to pay in year t. Pj^ is 
composed of mainly two components--price of basic (comnon) unit 
and a price of qualitative additions on basic unit (Pq^). Thus, 
^Tt ^bt ^qt • 
Let T^ be the quantity or number of units of tractors purchased in year 
t. The total purchase of tractors in the year t, in current dollars is: 
PTJt * Cbt * Pqt) Tt ' (4 2) 
and total purchases in 1967 constant dollars (i.e., by deflating the 
series by an index of P^ with 1967 = 1.00) is: 
= Pb67:t ' ''b67<^' Tt 
' " " Pb67 Tt (4 3) 
where P^gy is the value of Pj^ in the year 1967. The factor Pq^/'^bt 
measures the proportion of the added qualitative changes. Depending on 
its value, positive, negative or zero, the conclusions about quality, 
i.e., improvement, deterioration or no change, are made, respectively. 
Thus, deflating tractor purchases in current dollars by an index 
of prices of the basic tractor unit in different periods is one way of 
taking into account the qualitative changes, partially. The machinery 
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price index, on the other hand, supposedly reflects the index of prices 
of the same machinery basket (mix) based on its cost of production in 
different periods. Therefore, this price index is used as a pro\y for 
the basic unit price index described in 4.3. Thus, weighting quantities 
by prices partially compensates for the qualitative differences, because 
the improved unit of machinery is weighted by a higher price. The 
total number of machines may be the same, but the "quantity" weighted 
by prices may be greater if the improvement is reflected in the price. 
This method has been employed by Heady and Tweeten (1963). 
Structural Change Results 
Technological and other socioeconomic changes in agriculture over 
the years are likely to affect the investment behavior of farmers. 
Furthermore, machinery is an input to agriculture produced in the in­
dustrial sector of the econotny; the economic changes and technological 
breakthroughs may alter the underlying structure of the machinery demand 
and supply over time. Time series regression analysis, on the other 
hand, typically assumes that the underlying demand structure is unchanged 
over the period of analysis. This implies that the responsiveness or the 
elasticities with respect to the explanatory variables remain constant 
throughout the entire period of analysis. For example, a study by 
Cromarty (1959) reveals that the price elasticity of machinery demand is 
-1.0 over the 30-year period of 1926-55. Griliches (1960) estimated the 
same long-run elasticity at -1.5. Machinery demand elasticity with 
respect to machinery price and crop price is -1.0 and .8, respectively. 
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according to Heady and Tweeten (1963) for the period 1926-59 (excluding 
1942-47). It is important, therefore, at least for the more recent 
period analysis, to test whether the underlying structure of farm 
machinery demand has changed. 
To accomplish this objective, the total period of analysis (1950-77) 
is divided into period I (1950-60) and period II (1961-77). The gross 
investment in different machinery data show the cyclical patterns. The 
time series is separated at 1960 because that year is at the bottom of 
the cycle. Period I data show a negative trend in the machinery 
purchases (gross investments) while period II data show a positive trend 
in general. 
Following the procedure developed for Fisher equality tests in 
Chapter 3, the restricted (3.3 and 3.6) and unrestricted (3.4) models 
are estimated for each machinery group. The estimated restricted model 
for the tractors is 4.02 presented in Table 4.2; for the harvesting 
machinery is 4.08 (except it is estimated by OLS method) presented in 
Table 4.3; for the other machinery is similar to the model 4.4 (without 
the variable Dg in it) presented in Table 4.4; and for all the machinery 
is equation 4.4. Using equation 3.5, the Fisher's F test values are 
calculated (Table 4.1) under the two different null hypotheses. 
The F test values presented indicate that we fail to reject both 
the null hypotheses at more than 5 percent significance level for 
tractor, other machinery and all machinery, implying that there has not 
been significant structural change in demand for these 3 groups. The F 
test for harvesting machinery is significant at the 5 percent level but 
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Table 4.1. Values of the Fisher's F test for structural change in dif­
ferent machinery, from period I (1950-60) to period II 
(1961-77) 
Null hypothesis Tractors All machinery machinery machinery 
All parameters are .48 4.23* .73 1.27 
the same 
All slope parameters .47 3.93* .70 1.42 
are the same 
•Significant at the 5 percent probability level. 
not significant at the 1 percent level. Thus, at the 1 percent signifi­
cance level, all machinery groups support the assumption of no struc­
tural change. Hence, it is appropriate to specify similar models and 
analyze for the entire period. Since the regional data are derived from 
the national data, it is assumed that the same results hold at the 
regional levels also. 
Farm Machinery Demand Functions 
Based on the economic theory explained in Chapter II and the assump­
tions of no structural change with respect to the agricultural and 
economic variables, the machinery demand functions are specified. These 
equations are then estimated using the most appropriate econometric 
techniques elaborated on in the preceding chapter. The period chosen 
for analysis is 1948-77. Some of the equations, however, are estimated 
using 1950-77 annual data as some lagged values are used. The period is 
chosen to be long enough to allow the variation in the variables and 
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reasonably precise estimates of structural parameters. Also, prior to 
1948, i.e., 1942-47, farm machinery was under rationing due to short 
supplies; and annual data on some of the variables beyond 1977 are not 
yet available. Separate investment functions are estimated for tractors, 
harvesting machinery and other machinery as these machinery groups per­
form specific kinds of farm operations. Analysis of disaggregated 
machinery is also suggested in the literature (Olson, 1979; Rayner and 
Cowling, 1968). 
Tractor demand 
Annual tractor demand is synonymous with the annual purchases of, 
investments in or expenditures on new farm machinery. They are measured 
in constant 1967 dollar units (current values are deflated by the 
machinery price index). Alternative formulations of the tractor demand 
model are estimated mainly to test different hypotheses related to the 
corresponding variables without encountering multicollinearity problems. 
Also, a range on any given structural coefficient is obtained, with the 
help of its alternative estimates. 
Six estimated models of tractor demand are retained for analysis 
and are presented as models 4.01 to 4.06 in Table 4.2. The columns of 
the table represent explanatory variables, which are defined below. 
The endogenous variables in the system here and in later models are: 
H = U.S. farmers' total expenditures on harvesting machinery in constant 
dollars. 
0 = U.S. farmers' total expenditures on other machinery in constant 
dollars. 
Table 4.2. Estimates of structural coefficients of tractor Investment 
demand, United States, 1950-77 
Model Inter­cept 
PTt* 
Ppt 
^Mt (-Tt 
Vt ^Et Zt 
4.01 14.3 -978.3^ (4.35)d 
[-.85]e 
.0354 
(5.28) 
[.54] 
-3.567 
(1.88) 
[-1.11] 
4.02 292 -1011 
(4.31) 
[-.86] 
.0308 
(4.57) 
[.47] 
-3.987 
(2.14) 
[-1.24] 
4.03 116 -7.69 
(2.44) 
[-.67] 
.0288 
(2.95) 
[.44] 
-.709 
(.37) 
[-.29] 
4.04 1083 -7.85 
(3.14) 
[-.69] 
.0068 
(.56) 
[.10] 
-2.900 
(1.91) 
[-1.19] 
4.05 -681 -.95 
(.35) 
[-.08] 
.0264 
(4.12) 
[.41] 
.375 
(.59) 
[.15] 
4.06 492 -697 
(3.72) 
[-.60] 
.0307 
(4.64) 
[.47] 
-5.069 
(3.11) 
[-1.58] 
^Explanation of the variable names is included in the text and 
Appendix A. 
''The RMSE is root mean square error. In the case of model 
4.06, it is a rough measure calculated outside of the estimation pro­
gram. 
^Explanation of the estimation methods is presented in Chapter 
III. 
dThe figures in parentheses are the t statistic. 
®The figures in brackets are elasticities calculated at mean 
levels of the variables involved. 
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Gyt 'et Vl Syt-i "t Ot 
R2/ 
RMSEb 
Estima­
tion 
methodC 
1.188 
(3.92) 
[1.14] 
14.24 
(4.31) 
[1.27] 
.86 
85.8 
OLS 
1.225 
(4.06) 
[1.18] 
13.35 
(4.14) 
[1.19] 
.86 
86.1 
OLS 
.959 
(1.67) 
[.92] 
10.49 
(1.93) 
[.93] 
-.076 
(1.82) 
-.45 
.81 
102.5 
OLS 
1.493 
(3.56) 
[1.44] 
.2856 
(1.68) 
.80 
103.3 
OLS 
8.67 
(2.59) 
[.77] 
-.057 
(1.97) 
[-.34] 
.875 
(2.29) 
[.37] 
.221 
(2.16) 
[.39] 
.92 
66.7 
2SLS 
1.414 
(5.20) 
[1.36] 
9.86 
(4.05) 
[.88] 
90.2 
3SLS 
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T = U.S. farmers' total expenditures on farm tractors in constant 
dollars. 
The exogenous variables are listed and defined in the models here 
and later in the chapter are listed below. 
Cy = the national index of user cost or implicit rental cost of a 
tractor, based on tractor price, discounting rate and depreciation 
rate, 
G-j- = a technology variable relevant to the tractor purchases computed 
on the basis of the Pearl curve. It is a function of time. 
Ig = a composite national index of four roughly coincident indicators, 
an index of leaching economic indicators. 
= the national index of prices paid by farmers for machinery, 
measured in real terms. 
Pp = the national index of prices received by farmers for all agricultural 
products, measured in real terms. 
P-j- = the national index of prices paid by farmers for four wheel tractors. 
Sj = the U.S. stock of tractors--the estimated value of tractors, in 
constant dollars, on farms. 
= three year simple moving average of the U.S. net farm income. 
Yg = the declining three year arithmetic average of the U.S. net farm 
income. 
Z = farm size measured as number of acres per farm for the U.S. 
The subscript t denotes the current year; t-1 denotes the past year. 
A more detailed description and derivation of these and other variables 
used in this study is given in Appendix A. 
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The total variance in the tractor demand explained by the explan­
atory variables is more than 80 percent (as high as 92 percent), as 
p 
indicated by the coefficient of determination (R ). These estimates 
are very high considering the fact that the investment series depicts 
2 deeper cyclical and irregular patterns. The R is not a good measure 
to evaluate the relative strength of different models; therefore, a 
root mean square error (RMSE) is calculated. 
The models 4.01, 4.02, 4.04 and 4.06 are essentially the expecta­
tions models. The models 4.03 and 4.05 are adjustment models but also 
include expectation elements. The first 4 models are single equations, 
estimated by the OLS method, while the other two are specified in a 
system of three equations, i.e. tractor, harvesting machinery and other 
machinery, and are estimated by the 2SLS and 3SLS techniques. 
A typical tractor demand function would be one similar to model 
4.03. In model 4.03, tractor investment is hypothesized to be a function 
of its own price relative to the prices received by farmers, the expected 
net farm income, the farm size, the technology, the economic indicator, 
and the lagged stocks of tractors on farms as indicated by the economic 
theory. Also, signs of all the coefficients confirm with the theory. 
The interest rate variable is an important determinant of capital in­
vestments. However, it was found nonsignificant here, due to the lack 
of enough variability in its time series over the 1950-77 period. 
A coefficient associated with the price ratio is negative indicat­
ing a negatively sloped demand curve for the tractors. The expected in­
come, technology and the level of economic activity have positive 
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impacts on tractor purchases. A coefficient (the depreciation rate d, 
minus the adjustment coefficient g) associated with the lagged tractor 
stocks on farm is negative, indicating a slow but positive rate of 
adjustment in tractors from a current to the optimum stock level. A 
negative coefficient on the farm size variable suggests a prevalence 
of diminishing marginal use of tractors with respect to farms, assuming 
constant or decreasing number of acres. The elasticity of tractor de­
mand with respect to the farm size, -.29 (Table 4.2), implies that a 10 
percent increase in farm size and 10 (or more) percent decrease in farm 
numbers, assuming constant (or decreasing) number of acres, would bring 
about only 3 percent decrease in the tractor demand. The other equations, 
except model 4.05, contain the farm size variable with the coefficients 
higher than .709, in absolute terms, and elasticity coefficient greater 
than unity. The diminishing marginal tractor use on farms still may 
hold true as we have experienced the decline in acres in farms (USDA, 
1980). On an average, the elasticity coefficient is -.88. The sign of 
this variable, however, is reverted in model 4.05, possibly because of 
the simultaneity by inclusion of and 0^ variables and deletion of 
the technology variable; but it is not found significantly different from 
zero. 
Model 4.05, estimated by 2SLS, has the lowest RMSE (66.7); however, 
the t statistic of two important variables has reduced considerably. In 
general, most of the coefficients and the elasticities are reduced in 
magnitude in this equation. The significant positive coefficients on 
and 0^ indicate the complementarity of these two with the tractor. 
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Model 4,06 is similar to model 4.02, but it is estimated in the system 
by 3SLS method rather than by the OLS method. In the presence of high 
cross correlation across models (the coefficient of the correlation 
between T and H is .69, between T and 0 is .60, and between H and 0 is 
.65), 3SLS estimation results in more efficient estimates as 3 out of 5 
coefficients have higher t statistics in model 4.06. The RMSE in the 
3SLS method, though a little higher, is only an approximate measure and 
cannot be considered as a major criterion. 
The elasticity of tractor demand with respect to its own price at 
mean levels is -.67 and -.69 in models 4.03 and 4.04, respectively. 
The elasticity with respect to the prices received by farmers is the 
same in magnitude as tractor prices but opposite in sign. The coeffi­
cient associated with this price ratio is not found significantly dif­
ferent from zero in model 4.05. This leads us to estimate an 
alternative model using the machinery price index. The machinery price 
index, P|^, is highly correlated with the tractor price index, Pj. The 
elasticity coefficient with respect to a P^^Pp, the ratio of farm 
machinery to farm product prices, is estimated to be -.86 in model 4.02. 
In a more efficiently estimated equation (model 4.06), the same 
elasticity is estimated at -.60. On the average it is -.73. 
A tractor demand directly based on the neoclassical investment 
theory, i.e. equation 2.25 (model G in Chapter II), is estimated; but 
it is not presented here as it did not produce any meaningful results. 
Instead, to capture the essence of the theory, an estimated variable, 
user cost of capital, Cj, is used as a substitute to the tractor price 
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variable in model 4.01. The ratio of Cy and Pp is found significant 
at the 1 percent probability level. The elasticity with respect to Cj 
is estimated at -.85, a little higher than that with respect to Pj and 
almost the same as that with respect to Pj^. 
The income elasticity of tractor demand, at mean levels, ranges 
from .41 to .56 using and as alternate measures of the net farm 
income. The coefficient associated with the technology ranges from 
.959 to 1.493; and the elasticity ranges from .92 to 1.44. The average 
tractor demand elasticity with respect to the technology variable is 
1.21 based on the five models. This implies that the 10 percent in­
crease in the technology level would increase tractor demand by 12.1 
percent. A performance level of the econorny measured by the index of 
roughly coincident indicators (Iq) has unitary elasticity (average of 
the five models), for tractor demand which implies a proportionate 
change in the tractor investments for a change in the economic activity 
level. 
Finally, a 'Koyck's distributed lags' (Koyck, 1954) type of model 
(4.04) is estimated where the tractor demand is a function of current 
and past levels of the explanatory variables (with geometrically declin­
ing weights). Using Koyck's transformation, the final form includes 
only the current values of all the explanatory variables and a lagged 
dependent variable. This model was estimated by the ALS method due to 
the theoretical presence of autocorrelated errors, but the coefficient 
of autocorrelation was found insignificant and hence, it is estimated by 
OLS method. The only additional variable here is the lagged dependent 
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which is significant at the 5 percent level and has a coefficient, .2856, 
relatively small indicating a small influence of last year tractor pur­
chases on current year tractor purchases. 
Harvesting machinery demand 
Harvesting machinery investments include annual purchases of com­
bines, grain or otherwise; corn heads and other grain heads for com­
bines; corn pickers; potato, beet and peanut harvesters; and field forage 
harvesters. These investments are measured in 1967 dollars as they are 
deflated by the machinery price index. Like tractor demand models, most 
of these equations are also estimated for the period 1950-77 using 
1947-49 as lag values wherever needed. 
Some of the predetermined variables are listed and defined here. 
= a ratio of the total farm real-estate debt to the total farm assets. 
= a technology variable in agriculture based on the Pearl curve, 
relevant to the harvesting machinery purchases. 
= the national index of prices paid by farmers for medium capacity 
self-propelled combines. It is used as a proxy for price index 
for aggregate harvesting machinery. 
= the stock of harvesting machinery measured by value of all harvest­
ing machinery on farms. 
The rest of the variables are defined previously. 
The first four models are estimated as single (independent) equa­
tions, while the next two are estimated in a system of three equations, 
one each for tractors, harvesting machinery, and other machinery. The 
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estimates of structural coefficients for models 4.07 to 4.11 are pre­
sented in Table 4.3. The variability in the investments explained by 
these models is above 84 percent and as high as 99.8 percent. It is 
interesting to note that most of the coefficients, except that of Y^, 
are highly significant. Due to the presence of a significant serial 
autocorrelation in all the equations, except the last one, they are 
estimated by autoregressive least squares procedures. Also, whenever 
a lagged dependent variable is included in the single equation models, 
a more efficient method, ALS with instrumental variable for lagged 
dependent, is employed to obtain unbiased and consistent estimates of 
the structural parameters. 
Model 4.10 is estimated by A2SLS because of the simultaneity created 
by the presence of variable T^. This model has the highest and the 
lowest RMSE, and all but one (D^) variables significant at the 5 percent 
or lower levels. The variable is significant at the 15 percent 
probability level using the one tailed t test. A positive coefficient 
associated with T^ reaffirms the complementarity between tractor and 
harvesting machinery. Model 4.07 is reestimated in the system by 3SLS 
and presented as model 4.11. A very high gain in efficiency is achieved 
by this estimation, because of the high cross-model correlations. 
Consequently, the t statistic of all but one variable is considerably 
higher. 
The harvesting machinery demand elasticity with respect to its own 
price ranges from -.29 to -.53. The same elasticity, only with positive 
signs, is associated with the prices received by farmers for all farm 
Table 4.3. Estimates of structural coefficients of harvesting machin 
ery investment demand. United States, 1950-77 
Model Inter­cept 
PHt» 
YAt °At Zt GHt 
4.07 -144 -120.3^ (3.64)d 
[-.34]* 
.0008 
(.21) 
[.03] 
-1.117 
(2.69) 
[-1.13] 
1.804 
(4.18) 
[1.88] 
4.08 -163 -147.8 
(3.95) 
[-.41] 
.0021 
(.49) 
[.07] 
-4762 
(2.66) 
[-1.20] 
2.131 
(3.91) 
[2.22] 
4.09 -161 -144.9 
(3.70) 
[-.40] 
.0133 
(2.08) 
[.47] 
-5234 
(2.27) 
[-1.32] 
2.462 
(3.55) 
[2.57] 
4.10 -162 -104.9 
(4.92) 
[-.29] 
-1392 
(1.22) 
[-.35] 
.817 
(2.36) 
[.85] 
4.11 8.86 -191.4 
(7.50) 
[-.53] 
.0046 
(1.43) 
[.16] 
-5.169 
(4.84) 
[-5.22] 
4.136 
(6.31) 
[4.32] 
^Explanation of the variable names is included in the text and 
Appendix A. 
^The RMSE is root mean square error. In the case of model 
4.11, it is a rough measure calculated outside of the estimation pro­
gram. 
^Explanation of the estimation methods is presented in Chapter III. 
'^The figures in parentheses are the t statistic. 
®The figures in brackets are elasticities calculated at mean 
levels of the variables involved. 
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'et "t-1 ^Ht-1 Tt Pf/ RMSEb 
Estima­
tion 
méthode 
g 
.6955 
(4.90) 
.0330 
(1.52) 
[.20] 
.91 
23.3 
ALSI .34 
(1.87) 
.3981 
(2.28) 
.0493 
(2.11) 
[.30] 
.84 
26.1 
ALSI .50 
(2.91) 
3.52 
(1.92) 
[.76] 
.92 
29.8 
ALS .65 
(3.84) 
.2446 
(2.60) 
.0717 
(4.17) 
.2110 
(5.42) 
[.50] 
.998 
18.9 
A2SLS .57 
(2.12) 
.2069 
(2.32) 
.1282 
(7.76) 
[.77] 
28.6 
3SLS 
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products. The income elasticity has a very wide range, i.e. .03 to .47. 
This elasticity is highest in model 4.09 which does p»*- include lagged de­
mand or the lagged stocks of the harvesting machinery. Most of this ef­
fect is picked up by the expected income variable which also depends on 
its lagged values. The elasticity with respect to the financial variable, 
debt to asset ratio, is -.96 (the average of the three models), which im­
plies that the 10 percent increase in debt (holding assets constant) 
would decrease the harvesting machinery purchases by 9.6 percent on the 
average. Exactly the opposite effect is estimated for changes in the farm 
asset level, holding debt constant. 
As in the case of tractor demand, the farm size has a negative effect 
on the harvesting machinery purchases. The highest elasticity here, 
though, is -5.22 which is much higher than in the case of tractor demand. 
This phenomenon is possibly due to three main reasons: (1) considerable 
technological improvements in the harvesting machinery such as development 
of very efficient self-propelling combines now require less new machinery 
for harvesting purposes; (2) increasing farm size may allow crop special­
ization more than before, reducing the total machinery requirement; and 
(3) big unused capacity of the machines (combines, etc.) would be used more 
fully with the increases in farm size, especially in recent years. The 
coefficient associated with the technology variable varies from .817 to 
4.136 depending on the specification and the estimation of the model. On 
an average, technology has higher effects (elasticity 2.37) on harvesting 
machinery than tractors (elasticity 1.21); also, it is possibly due to the 
technological improvements in the development of such machinery. 
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Only one model is specified with the economic activity indicator (Iq). 
The variable has an elasticity coefficient of .76, less than 1, as in the 
case of tractor demand. The harvesting machinery (especially combines) 
is relatively new and hence their number on farms is lower relative to 
the tractors on farms. So whenever economy "slows down", tractor pur­
chases are cut deeper than the harvesting machinery purchases. The 
hypothesis of a positive adjustment coefficient is rejected as the co­
efficient associated with is positive. It is also highly signifi­
cant in most of the equations. Unless it is highly biased due to a 
specification error, this implies that the adjustment coefficient is so 
small that it is surpassed by the depreciation coefficient. 
Other machinery demand 
Other machinery is a major component of the total farm machinery. 
As a dependent or endogenous variable, annual purchases of the other 
machinery are measured in aggregate units as a real value in terms of 
1967 dollar. Based on the theoretical model formulations explained In 
Chapter II, several models were estimated empirically. However, only 
those which are judged best on the basis of statistical criteria, and 
also meaningful from a theoretical point of view, are retained for the 
analysis. These models are presented in Table 4.4. 
The additional independent variables, other than the ones defined 
before, are listed and defined below. 
C[^ = the U.S. conservation reserve acreage. 
Dg = a dummy variable to reflect the effect of "economic slow down" or 
the mild recession; ones for 1968-72 and zeros otherwise. 
Table 4.4. Estimates of structural coefficients of other machinery 
investment demand. United States, 1950-77 
Model Inter­cept PMt® Ppt 
Rt -<
 
m
 
Yot-l h  
4.12 3022 -1092 . (2.06)d 
[-.54]e 
-435 
(2.50) 
[-1.31] 
.0133 
(1.09) 
[.007] 
4.13 2770 -766 
(1.13) 
[-.38] 
-435 
(3.47) 
[-1.32] 
.0190 
(1.33) 
[.01] 
4.14 1943 -982 
(1.70) 
[-.49] 
-319 
(3.10) 
[-.96] 
.0126 
(1.08) 
[.006] 
4.15 2888 -1657 
(4.82) 
[-.82] 
-208 
(1.31) 
[-.63] 
.0064 
(.30) 
[.06] 
-5.476 
(1.03) 
[1.29] 
^Explanation of the variable names is included in the text and 
Appendix A. 
b^he RMSE is root mean square error. In the case of model 
4.15, it is a rough measure calculated outside of the estimation program. 
^Explanation of the estimation methods is given in Chapter III. 
^^The figures in parentheses are the t statistic. 
®The figures in brackets are elasticities calculated at mean levels 
of the variables involved. 
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Got ^Rt DE °t-l Tt RMSEb 
Estima­
tion 
method^ 
1.165 
(5.91) 
[1.28] 
-12.65 
(3.09) 
[-.07] 
-320 
(2.86) 
.87 
138.3 
OLS 
1.037 
(4.04) 
[1.14] 
-12.42 
(3.00) 
[-.07] 
-333 
(2.91) 
.1212 
(.79) 
87 
139.5 
OLS 
.859 
(3.67) 
[.94] 
-74 
(.84) 
.754 
(2.80) 
[.43] 
.88 
127.2 
2SLS 
1.607 
(4.49) 
[1.76] 
166.6 
3SLS 
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Gq = the agricultural technology variable relevant to other machinery 
purchases. Similar to Gj and G^, it is based on the Pearl curve 
principle. 
R = the interest rate paid by farmers on their loans outstanding. 
Yjj = the deviations of the actual net farm income from its three year 
weighted moving average. 
The subscript t denotes the current year; t-1 denotes the past year. 
The models 4.12 and 4.13 are estimated by the OLS method using 
single equation specification. The next two models, 4.14 and 4.15, are 
estimated by 2SLS and 3SLS, respectively, as they are specified in the 
previously defined system. The machinery price index is used as a 
proxy for other machinery price index as the other machinery price index 
is not available. An estimate of a structural parameter associated with 
the ratio of indices of price of machinery and the prices received by 
farmers for agricultural product range from -776 to -1657. The demand 
elasticity with respect to the price of machinery at mean levels is 
estimated at -.38 in model 4.13 and -.82 in model 4.15. The same elas­
ticity coefficients, but with positive signs, are associated with the 
prices received by farmers. 
It is interesting to observe that the interest rate variable is 
significant at 1 percent level (one tailed t test) in the first three 
models and at about 10 percent in the fourth model. This variable was 
not significant in tractor or harvesting machinery demand models. 
But, if up to last eight years we had more variation in annual interest 
rates, we could have obtained effects on tractors and harvesters. The 
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current result, however, may be possible if farmers buy the basic machin­
ery such as tractors, combines etc. with their net farm income but use 
borrowed capital to buy additional new equipment and accessories etc. 
Incidentally, the expected farm income is not a significant variable; 
the null hypothesis of zero coefficient is not rejected due to a very 
low t statistic in model 4.15. 
A very simple measure of risk, , is estimated to have a posi­
tive effect on the other machinery purchases, implying a risk loving 
nature of the U.S. farmers. However, this variable is significant only 
at an approximate range of 20 to 30 percent probability level. 
The farm size, as in the case of tractor and harvesting machinery 
demand, is estimated to have a negative effect on the other machinery 
demand. Its elasticity coefficient is -1.29. The agricultural technology 
variable relevant to the other machinery purchases has an elasticity 
range of .94 to 1.76. Using an average of the four models, it is esti­
mated at 1.28. 
The conservation reserve acreage is also a new variable, which is 
highly significant (at 1 percent level) in models 4.12 and 4.13, i.e. 
in the case of other machinery unlike tractor and harvesting machinery. 
Its negative sign implies that the higher the acreage withheld from pro­
duction, the lower the demand for other machinery; its effect, however, 
is very small as indicated by the elasticity coefficient at .07. Another 
variable, a dumqy with 1968-72 equal to ones and zero otherwise, is 
designed to reflect the effect of the mild economic recession experienced 
in the agricultural sector during this period. It is highly significant 
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in models 4.12 and 4.13. The coefficient associated with this variable 
reflects a drop in the demand by 320 to 333 million dollars (in 1967 
dollar value) for 1968-72. 
A lagged dependent variable included in model 4.13 is not found 
significant in explaining the current year purchases. A high coefficient 
associated with implies a strong complementary relationship between 
the other machinery and tractors on farms. 
Total farm machinery demand 
The gross investment in the all farm machinery includes the annual 
gross expenditure on tractors, trucks, automobiles, harvesting machinery, 
and other machinery and equipment. It is measured in million dollars 
and is deflated by the machinery price index. Using the total investment 
as a dependent variable (M), a machinery demand function is specified as 
a function of a ratio of machinery price to the agricultural product 
price; interest rate (R); the expected net farm income; lagged value 
(stock) of all machinery on farm (S^p in constant 1967 dollars; and a 
time variable to express the effect of the relevant, but not included in 
the model, variables. The estimated equation is presented below. 
Alternative models were specified and estimated using different 
relevant variables but are not presented here as severe statistical 
= 10939 - 19883*(P,^/Pp)^ 
(2.35) 
1080*R^ + .135*Ygt 
(1.62) (2.57) 
+ 249.6*To - .191*SMt_i 
(3.56) (4.20) 
= .74, RMSE = 343.5, Estimation method = OLS. 
(4.4) 
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2 problems (low R , very low t statistic and also wrong signs) were en­
countered. All the variables except are significant at the 1 percent 
level; the R^ is significant at about 6 percent level using the one-
tailed t test. The price elasticity of the total machinery demand at 
mean levels is estimated at -.41. The elasticity with respect to Pp 
naturally is .41, since P|^ and Pp form a ratio. The demand elasticity 
with respect to the interest rate variable is -1.38, which implies that 
a 10 percent increase in the interest rates would decline all machinery 
demand by 13.8 percent. The elasticity coefficient associated with the 
expected net farm income here is .5, very close to that calculated in 
tractor demand models. The negative coefficient or lagged machinery 
stock indicates a positive net adjustment from current to the optimum 
machinery level. The stock adjustment coefficient is much larger in 
the case of aggregate farm machinery than tractors; as a major portion 
of the aggregate machinery includes the machinery and equipment much 
smaller, in size and value, than the tractors, and possesses less re­
placement costs. Therefore, their stocks are adjusted more rapidly. 
Summary 
The U.S. farm machinery is disaggregated into the tractors, harvest­
ing machinery, and other machinery. The demand functions for these 
three groups and all machinery are estimated using relevant economic, 
agricultural and technology variables. Judged on the basis of statistic 
and economic criteria, six models for the tractors, five for the harvest­
ing machinery, four for the other machinery, and one for all machinery 
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are analyzed in this chapter. The alternative models help provide a 
range on the various structural parameters. However, for summary anal­
ysis it would be best to select only one, the best, model from each 
table and compare the estimates across the machinery groups. The equa­
tions estimated by 3SLS in a system of seemingly unrelated equations 
are in general more efficient, in terms of the significance level of each 
variable, due to the high correlation (coefficients more than .6) across 
the models. These estimated equations are also preferred over simul­
taneous equations because some of the variables in the simultaneous 
equations have "wrong" signs. Therefore, the elasticities of demand 
with respect to the selected variables from models 4.06, 4.11 and 4.15 
and equation 4.4 are presented in Table 4.5. 
Table 4.5. Estimated elasticities of demand for different machinery 
with respect to selected variables 
Model 
or equa-
tionb 
Type of 
machinery 'n "M Pp 
R ^A or 
YE Z 
4.06 Tractors -.60 .60 .47 -1.58 
4.11 Harvesting machinery -.53 .53 .16 -5.22 
4.15 Other machinery -- -.82 .82 -.63 .06 -1.29 
4.4 All machinery -.41 .41 -1.38 .50 — 
*The explanation of variable names is given in the text and Ap­
pendix A. 
Model or equation" column refers to a number of the selected 
model presented in the previous tables and a number of the equation 
presented in the text. 
A comparison of the elasticities reveals that a demand for the other 
machinery is most elastic while a demand for the all machinery is least 
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elastic with respect to the price of machinery. The tractor demand elas­
ticity with respect to machinery price (index) which is used as a proxy 
for the tractor price (index) is estimated to be -.60. A higher demand 
elasticity for the other machinery is possible because its purchases may 
have lower priority. However, the machinery such as tractors and har­
vesters may have higher priority for its new purchases, at least for 
replacing old ones, resulting in less elastic demand. Since the price of 
agricultural products and the price of machinery are used in a ratio 
form, they are constrained to have the same elasticities. 
Tractor and harvesting machinery demand elasticities with respect to 
the expected income are higher than the other machinery demand elasticity. 
On the other hand, interest rate variable is a significant factor in 
explaining other machinery purchases, but not tractor and harvesting 
machinery purchases. This may be evident if the farmers' own capital 
(net farm income) is used to buy new tractors and harvesting machinery 
and borrowed capital to buy other machinery. All machinery purchases 
are explained by both the expected net Income and the interest rate as 
it includes additional items such as expenditure on automobiles and farm 
trucks which could be more elastic with respect to income and Interest 
rates. 
The farm size like other variables has negative but differential 
effects on different types of machinery demand. Increasing farm size 
would decline demand for the harvesting machinery most rapidly as the 
larger and more efficient harvesters may cover more farm land than before 
and reduce the total demand even in real dollar values. Relatively fewer 
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improvements in tractor and other machinery technology are experienced. 
Therefore, the increase in operative capacity of these machines is rela­
tively less. Hence, the increasing farm size does not decline the 
demand for tractors and other machinery as much as the harvesting 
machinery. 
Different machinery demand functions at the national level are 
discussed in this chapter. In the next chapter, regional machinery 
demand is analyzed. 
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CHAPTER V. REGIONAL FARM MACHINERY DEMAND 
Agricultural machinery analysis at the national level reflects the 
"average" effect over all the regions with respect to the relevant var­
iables. Important though it is, this aggregation over regions may mean 
that some influences important at the regional level become unimportant 
and ignored at the national level. We may gain valuable information on 
the differential effects of the economic, technological, and other 
factors on the investment behavior in different regions by performing 
regional analysis. 
Interregional similarities and differences in investment functions 
for farm tractors and other machinery are estimated, using 1948-77 
annual data, and are analyzed in this chapter. Also, the long-lasting 
effects of the important economic variables on the demand for different 
types of machinery are expressed through dynamic multipliers. The last 
section summarizes the comparisons between tractor and other machinery 
demand structure in all the regions. 
Regional Tractor Demand Functions 
Annual purchases of tractors by farmers in each region are equiva­
lent to the annual gross investments and are assumed equal to the amount 
of tractors demanded in that region. The tractor demand is measured in 
real dollar value as the current purchases of farm tractors, excluding 
garden tractors, are deflated by the machinery price index with 1967 
equal to 1. Most of the regional data, however, are derived using 
different weighting schemes as explained in Appendix A. The measurement 
85 
error embodied due to the derivation procedure could partly have a bear­
ing on the results of the demand functions. It is assumed that the 
error is not too large to alter the results and conclusions. Also, it 
is assumed that the underlying structure of the machinery demand in each 
region with respect to the relevant variables has not changed over the 
period 1950-77. Thus, the main period of analysis here is 1948-77, 
same as in the case of national demand; however, most of the equations 
are estimated using 1950-77 annual data as the years prior to 1950 are 
used up in the lagged operations. 
A list of the relevant explanatory variables, mentioned in Chapter 
II, is fairly long. It is infeasible to include all the possible vari­
ables in a single model. Therefore, based on theoretical models A to I, 
specified in Chapter II, 3 to 5 alternative models are estimated for each 
region. One "best" model of tractor demand for each region is selected 
for a detailed analysis. These ten equations for 10 regions are pre­
sented in Table 5.1. The remaining equations are provided in Tables 
B.l to B.IO in Appendix B. The models presented here essentially are 
expectations (e.g. models 5.01, b.uz, s.Ub and 5.10), adjustment (e.g. 
models 5.04 and 5.07), combination of expectations and adjustment (e.g. 
model 5.06), and simple derived demand (e.g. models 5.03 and 5.09) 
models. 
All the single equation tractor demand models are initially esti­
mated by the OLS method. If the serial correlation is detected using 
the Durbin-Watson test, then the equation is reestimated by the ALS 
method, e.g. model 5.08. In the presence of a lagged dependent variable 
Table 5.1. Estimates of structural coefficients of regional tractor 
investment demand in ten USDA regions, 1950-77 
Model Re­ Inter- ^Tt* '^Mt 
"t 
>
-
1 1-YAt -<
 
m
 i-OAt gion ^  cept i-Pct 
>
-
1 -<
 
m
 
5.01 NE 103.2 -.6913 
(4.20) 
[-.67] 
(1 
[-
7426 
.61) 
.80] 
.029 
(1.79) 
[.38] 
5.02 LS 531.2 -49.78 
(1.41) 
[-.28] 
.0356 
(2.12) 
[.38] 
5.03 CB 360.0 -.6030 
(1.52) 
[-.21] 
.0268 
(3.48) 
[.34] 
5.04 NP 56.94 -.3333 
(1.52) 
[-.21] 
.0292 
(.52) 
[.17] 
5.05 AP 80.04 -3.784 
(.19) 
[-.03] 
.0171 
(1.88) 
[.28] 
5.06 SE 23.87 -.1804 
(1.55) 
[-.27] 
.0053 
(.59) 
[.12] 
5.07 DS 18.03 -.1343 
(1.24) 
[-.22] 
5.08 SP 68.61 -.3240 
(1.84) 
[-.31] 
.0238 
(.47) 
[.16] 
5.09 MT 93.70 -.1082 
(1.10) 
[-.16] 
.0115 
(2.37) 
[.20] 
5.10 PA 35.88 -29.603 
(3.18) 
[-.42] 
.0140 
(2.21) 
[.41] 
-559.1 
(3.05) 
[-1.13] 
^Explanation of the variable names is included in the text and Appen-
dix A. Also, the prefix i refers to ith region; i-NE, LS, •••, PA. 
bp is an estimate of the autoregressive parameter. For model 5.02, it 
is calculated outside of the estimation program as explained in Chapter III. 
CThe 10 USDA production regions are defined in Figure 1.2 in Chapter I. 
dRMSE is root mean square error. In the case of model 5.02,5.03,5.05 
and 5.09, it is a rough measure calculated outside the estimation program. 
«Explanation of the estimation methods is presented in Chapter III. 
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1-Zt 
-.593 
(1.23) 
[ -1 .0 ]  
-4.477 
(2 .61 )  
[-5.47] 
-4.810 
(4.55 
[-3.40] 
- .0626 
( . 2 8 )  
[-.30] 
-1.815 
(2.58) 
[ -2.01]  
-.2121 
(1.10)  
[-.76] 
-.182 
( .80)  
[ - .62 ]  
-1.552 
(4.17) 
[-3.11] 
-.124 
(6.67) 
[ -1 .16]  
-.154 
(1.86) 
[ - 1 . 1 1 ]  
i-G Tt I 
1- i-
Ct 
1.532 
(3.71) 
[1.48] 
.159 
2.96) 
1.16 ]  
.987 
2.47) 
[.96] 
.164 
1.60) 
1.09] 
.103 
3.51) 
2.12]  
.474 
6.52) 
2.45] 
.397 
3.01) 
1.38] 
' I t  "^Dt 'E T t-1 J^t-1 
1.124 .7026 
(2.89) (2.19) 
[1.18] [.73] 
1.615 
(2.44) 
[1.56] 
2.001 
(2.98) 
[1.23] 
3.536 
(4.74) 
[1.24] 
-.64 
(1.74) 
[-.03] 
.837 
(1.29) 
[.57] 
.5463 
(1.94) 
[.50] 
-16.3 
(2.7) 
.4124 
(1.86) 
[.71] 
.2679 
(1.17) 
[.49] 
.4745 
(2.59) 
[.75] 
.6233 -.053 
(5.6) (1.6) 
[-.3] 
.2095 -.070 
(1 .2 )  (1 .6 )  
[-.4] 
.3146 -.072 
(2.4) (1.2) 
[-.4] 
.6896 
(1.74) 
[.73] 
.6303 
(2.54) 
[.98] 
-7.38 
(1.7) 
.2722 
(1.9) 
q2, Estima- . 
.77 OLS 
9.43 
- A3SLS .27 
17.0 (1.2) 
.1112 - 3SLS 
(1.3) 15.4 
.77 OLS 
15.2 
.2197 - 3SLS 
(1.7) 8.37 
.82 OLS 
5.21 
.80 OLS 
4.83 
.79 ALS .42 
9.79 (2.0) 
3SLS 
5.01 
.85 OLS 
5.48 
88 
in the model and a significant serial correlation in the error struc­
ture, the equation is estimated by the ALSI method to obtain unbiased 
and consistent estimates of the structural parameters. A system of 2 
equations, tractor and other machinery demand, is estimated by 2SLS or 
3SLS. In order to obtain the more efficient estimates when a significant 
autocorrelation in the error terms is present, A2SLS or A3SLS methods 
are employed. Tractor demand equations for regions CB, AP and MT are 
estimated by 3SLS and for LS by A3SLS. An estimate of the first order 
autoregressive parameter is presented in the last column of Table 5.1. 
The predetermined variables used in models 5.01 to 5.10 are defined 
below: 
Fp = the national feed grain diversion acreage; 1961-73 values are mil­
lion acres and the rest are zero. 
Pç = the index of prices received by farmers in each region for all 
agricultural crops. 
P|^ = regional price of land measured as value of land and buildings per 
acre deflated by gross national product (GNP) implicit deflator. 
W = the national index of real wages paid by farmers for all hired 
farm workers; current wages are deflated by the consumer price index 
to obtain real wages. 
Y = national or regional net farm income (total gross farm income minus 
production expenses) deflated by GNP index. 
The notation i refers to the i^*^ region; i=NE,LS,-• • ,PA. For ex­
ample, i-Pg^ indicates the crop price index in the region i for the 
t^*^ year. Also, t-1 denotes a lagged year. 
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2 The coefficient of determination (R ) and the root mean square 
error (RMSE) are reported for single equations as obtained in the esti­
mation program. However, these are only approximate measures in the 
case of equations of the system estimated by 3SLS method. The RMSE is 
calculated outside the estimation program in such cases for comparison 
with the other equations of the same region. The R^ values for the 
single equations indicate that the total explained variation in annual 
tractor demand is above 77 percent and as high as 85 percent. Thus, 
the models perform fairly well in explaining the variability in the 
regional tractor investments caused by the high cyclical and irregular 
patterns that are observed. 
The most obvious feature observed in Table 5.1 is that the same var­
iables are not significant in all the tractor demand functions. This 
finding clearly implies that the farmers in different production regions 
of the U.S. may not respond to the same variables or may not consider 
the same type of economic variables while making their tractor purchas­
ing decisions. For example, the wage rate paid to hired farm workers is 
an important factor in deciding their annual tractor purchases in the 
Northeast, an industrial region, but not in any other region of the U.S. 
Acreage withheld from production under the "feed grain diversions" pro­
gram is a significant factor in reducing the tractor demand in the Corn 
Belt region, where corn, the major feed grain, is grown abundantly. 
To facilitate the comparative regional analysis, the variables used 
throughout the models are grouped into five main categories. The impact 
of each important variable, then, is compared and discussed for different 
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regions in the following five subsections. 
Tractor and other price variables 
The tractor price index is estimated only at the national level. 
The main reason for tractor prices to be different in various regions 
would be the transportation cost of each tractor, added on to its 
original price. It is assumed here that the percentage changes in the 
tractor prices (including transportation costs) paid by farmers over 
the years are uniform for all the regions and are equal to the changes 
at the national level. Construction of indices based on this assump­
tion would produce the regional tractor price indices which are almost 
identical to each other. Therefore, the U.S. tractor price index is 
used as a pro\y for regional tractor price index. Besides, the measure­
ment error embodied in the results due to the derivation of the regional 
tractor price indices probably would be larger than the error caused by 
making the above mentioned assumption and using the same price index for 
all the regions. Similar assumptions, procedures and explanations hold 
true for the machinery price index. However, such an assumption would 
not be realistic in the case of crop prices received by farmers. Dif­
ferent regions may produce different crops and have a differential rate 
of change. Hence, a separate crop price index is derived for each region. 
See Appendix A for the derivation of these variables. 
A ratio of current tractor price index to the current regional ag­
ricultural crop price index is a significant factor at the 1 to 15 per­
cent levels (using one tailed t test) in deciding the tractor demand in 
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all the regions except LS, AP and PA. In the case of these 3 regions, 
the ratio of Pj and P^ is not found significant, mainly due to Its high 
correlation with the other variables used in those models. The machin­
ery price index is likely to be highly correlated with the tractor price 
index; hence, it is used as a proxy for the index of prices of tractors 
paid by farmers. The ratio of P|^^ to P^ is significant in LS and PA 
regions. Neither price ratio is found significant in the AP region, 
implying that the farmers in this cash crops (tobacco, peanuts, etc.) 
growing region consider other factors, like net farm income, more 
important. 
The demand for tractors in all regions of the U.S. is inelastic as 
all the own-price elasticities are less than unitary. These tractor 
demand elasticities with respect to its own price range from -.16 to 
-.67, the lowest in the Mountain region and highest in the Northeast 
region. The general direction of increasing elasticity (in absolute 
terms), with exception of the Pacific region, appears to be from west 
to east as the elasticities at mean level are .16, .18, .21, .22, .27, 
.28, .31, .42 and .67 for MT, CB, NP, DS, SE, LS, SP, PA, and NE 
regions, respectively. These are essentially the short-run elasticities. 
Livestock raising is the main activity which uses less tractor power on 
farms in the Mountain region as compared to the Corn Belt, Northern 
Plains or Lake States area. The share of tractor costs in the total pro­
duction costs is relatively lower in MT, hence the tractor demand Is 
less elastic. The Northeast region, on the other hand, traditionally 
has been an industrialized area so the farms are highly mechanized 
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(larger stocks of machinery) too. In the short run, farmers here are 
likely to be more responsive to the changes in the tractor prices while 
making their annual tractor purchases. Therefore, the tractor demand 
could be more elastic in this region than in any other region. 
The crop price index variable is used in a ratio form with the 
tractor or machinery price index. Therefore, the elasticities with 
respect to this variable are the same, in absolute values, as that with 
respect to tractor or machinery price index. Since livestock farming 
is the major activity in the MT region, changes in crop prices are not 
likely to change the tractor demand drastically; hence, the lowest 
demand elasticity with respect to crop price is observed in this region. 
The CB, NP, LS, PA and other areas are mainly crop producing. Changes 
in crop prices may affect tractor demand more in these regions compared 
to the MT region. 
The farm labor wage index variable is included in the NE tractor 
demand equation. In this case, hypothesis of tractor-labor substitution 
is rejected. The negative sign associated with the wage rate implies 
that the tractor and labor are complementary to each other. However, 
this variable is not significant even at the 10 percent significance 
level. 
The real price of land variable is retained in the tractor demand 
models of the plains area. Positive coefficients of this variable indi­
cate the substitution bewteen land and tractors. Due to the high multi-
col linearity , the standard errors of these estimates are very high and 
the t statistic very low. The elasticity coefficient here implies that 
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the 10 percent increase in the real price of land would increase the 
tractor investments by 1.7 percent in the NP region and by 1.6 percent 
in the SP region. 
Farm income, expectations and asset variables 
Current net farm income, deflated by the GNP index, is used as a 
proxy for the return on the past investments in the farm machinery. The 
expected net farm income is measured alternatively by a lagged net farm 
income, three-year moving average on a three-year weighted average of 
the past net farm income. The investments on new tractors in the cur­
rent period are most likely to be dependent on the expected returns on 
the investment as is evident by the significant (at the 5 percent or less 
levels) expected net farm income in the NE, LS, CB, AP, MT and PA regions. 
However, it is not considered as significant as other economic factors 
(e.g. agricultural prices) in the NP, SP, DS and SE regions. The tractor 
demand elasticities with respect to the expected net farm income are 
.20, .28, .34, .38, .38 and .41 in the MT, AP, CB, LS, NE and PA regions, 
respectively. Similar to the crop price elasticity, the income elasticity 
of demand is lowest for MT and highest for NE, excluding PA region. 
This probably is so as the income expectations are based on the prices 
received by farmers for their produce. 
The debt-asset ratio variable is found significant (at the 1 percent 
level) in explaining the variation in tractor demand only in the Pacific 
region. Debt and assets are measured at the beginning of the year (Janu­
ary 1st); hence, the ratio of the two has a lagged effect on the current 
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tractor demand. The mean level tractor demand elasticity with respect 
to this ratio is estimated at -1.13 in PA region. 
Techno1oqy-related variables 
Long-term changes in the farm size are the product of continuous 
technological advancement. The capital intensive agricultural technology 
in the U.S. has an upward pressure on the farm size throughout all the 
regions. The farm size, hence classified as the technology-related 
variable, is significant in the tractor demand equations of most regions. 
The significant tractor demand elasticities, presented in Table 5.1, with 
respect to the farm size, are -1.11, -1.16, -2.01, -3.11, -3.40 and -5.47 
in the regions PA, MT, AP, SP, CB and LS, respectively. Two main 
features of this result are: (a) all the elasticities (and coefficients) 
are negative in sign, implying diminishing marginal tractor demand per 
farm as explained in the national demand function; and (b) in general, 
the western regions have lower farm size elasticities than the eastern 
or the rest of the regions. 
The regional agricultural technology variable expressed through the 
tractor purchases, calculated on the basis of the Pearl curve (see the 
text in Chapter II or Appendix A), are highly significant in all the 
regions except NP and DS. The tractor demand elasticity associated with 
these variables ranges from .96 to 1.18 for eastern regions (SE, AP and 
NE), 1.38 to 1.56 for the midwest region (CB and LS excluding PA) and 
2.12 to 2.45 for the southwest regions (SP and MT). 
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Economic activity variables 
As pointed out by Heady and Tweeten (1963, p. 291), the agricultural 
machinery has a low reservation price and very low marginal productivity 
outside agriculture. The opportunity cost of this machinery is very low 
as it is highly specialized to agriculture and very few opportunities 
exist to sell it, during depressed agricultural economy, to the more 
prosperous sectors of the econotny. Changes in the general economic 
activity, therefore, are very likely to affect the farmers' Investment 
behavior. 
The index of four roughly coincident indicators (Iq). the index of 
twelve leading indicators (I|^), and a dummy variable (D^) to reflect 
the effects of economic "down swing" during 1968-72 are found significant 
(between 1 and 15 percent) in the tractor demand models of various 
regions. The positive signs on the economic indicators imply a positive 
effect of economic activity on tractor purchases. The elasticity with 
respect to Ig and varies from .49, in the case of DS, to 1.24, in 
the case of CB region. The detailed elasticities are presented in Table 
5.1. 
Other relevant variables 
The feed grains are mainly grown in the Corn Belt region. There­
fore, the acreage withheld from production under the feed grain diversion 
program during 1961-73 has significantly reduced the tractor demand by 
$.64 per diverted acre in that region. 
Though not significant at the 5 percent level, the lagged stocks of 
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tractors on the farm are retained in the NP, SE and DS tractor demand 
models. A consistent negative coefficient here implies that the stock 
adjustment rate is higher than the depreciation rate. Given the depreci­
ation rate .25 for tractors (taken to be 2.5 times the inverse of the 
Bulletin F (USDT, 1942) lifetime), the adjustment rate would be .303 
for NP and .322 for DS. This rate appears to be overestimated because 
of the high depreciation rate assumed mainly for income tax purposes. 
The actual depreciation rate and hence the adjustment rate would be 
much lower. 
The current values of the other endogenous variable, e.g. other 
machinery investments, are retained in the cases of CB and AP tractor 
investment functions. Positive signs of these variables indicate the 
complementary relationship between tractors and ether machinery. How­
ever, these variables are significant only at high levels of probability 
(e.g. .20). 
In the presence of risks and uncertainties involved in agriculture, 
farmers are not likely to respond to the economic factors instantly. 
Therefore, changes in tractor investments would be slow and gradual. 
Statistically, this effect is revealed through a significant lagged 
tractor investment variable, as is observed in the NP, DS and PA pro­
duction regions. 
Regional Other Machinery Demand Functions 
Regional other machinery investments are estimated from the national 
other machinery expenditures (as explained in Appendix A). Therefore, 
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they include annual purchases of cultivators, harrows and field prepara­
tion machinery, irrigation equipment, spraying and dusting equipment, 
feeding, milking and other miscellaneous types of machinery and equip­
ment. Measured in million dollars, the regional other machinery in­
vestments (demand) are deflated by the machinery price index. Annual 
data on all the variables for 1950-77 is used for the estimation of 
the demand fucntions here. 
Selected 3-5 models of other machinery demand are estimated for each 
region. However, one "best" model per region is presented and analyzed 
in this chapter. The remaining estimated equations are provided for 
further information through Tables B.ll to B.20 in Appendix B. 
The additional variables included here are: 
Pq = the index of prices paid by farmers for fuel and oil. It is de­
flated by the consumer price index with 1967 = 1. 
Sq = the real value of regional other machinery on farms measuring the 
stock of this machinery. 
Other variables are defined before in the text and in Appendix A. 
The notation i refers to the i^*^ region; i=NE,LS,• • • ,PA. Also, t and 
t-1 denote the current and lag year, respectively. 
The estimates of the structural parameters, along with the t statis­
tic and the elasticity coefficients calculated at the mean levels of the 
variables, for the ten regional other machinery demand functions are pre­
sented in Table 5.2. These equations are labelled as model 5.11 to 5.20. 
The models for NE, LS, LB and MT are estimated by 3SLS method; for AP, 
SE and DS are estimated by ALSI method; and for NP, SP and PA are 
Table 5.2. Estimates of structural coefficients of regional other 
machinery investment demand in ten USDA regions. 1950-77 
Model Re- Inter-gion^ cept 
PMtf 
W 
Wt 
Tt ot 
i-P Lt i-Y t-1 i-Y At 
5.11 NE 5778" 
5.12 LS 334.3 
5.13 CB 983.2 
5.14 NP 563.9 
5.15 AP 672.1 
5.16 SE 138.2 
5.17 DS 240.2 
5.18 SP 329.9 
5.19 MT 207.8 
5.20 PA 502.7 
TTgR -2.097 
(2.78) (4.22) 
[1.22] [-1.54] 
i-Y Et 
.059 
(2.88) 
[.48] 
-151.3 
(3.36) 
[-.70] 
-67.0 
(1.15) 
[-.17] 
-84.1 
(1.86) 
[-.38] 
-48.0 
(2 .20)  
[-.34] 
-34.8 
(1.75) 
[-.38] 
-70.7 
(2.39) 
[-.49] 
-53.7 
(4.32) 
[-.50] 
-67.9 
(3.41) 
-2.043 .277 
(2.26) (1.28) 
[-.91] [.43] 
-9.348 
(4.74) 
[-2.32] 
.029 
(1.90) 
[.24] 
-4.742 
(4.07) 
[-2.08] 
-3.741 .182 
(6.57) (2.65) 
[-2.57] [.95] 
1.884 -1.534 .049 
(3.27) (3.86) (1.29) 
[1.75] [-1.60] [.39] 
-2.043 
(4.19) 
[ -2 .11 ]  
-2.751 -.123 .028 
(3.25) (1.23) (2.81) 
[-1.84] [-.45] [.22] 
-1.113 
(2.57) 
[-1.00] 
.028 
(3.55) 
[.24] 
.030 
(1.59) 
[ .20]  
.034 
(1.98) 
[.23] 
.013 
(.83) 
[ . 12 ]  
-1.880 
(3.33) 
f-1.551 
âExplanation of the variable names is included In the text and Ap-
pendix A. Also, the prefix i refers to the ith region; i-NE,LS,..-PA. 
b(5 is an estimate of the autoregressive parameter. 
^The USDA production regions are defined in Figure 1.2 in Chapter I. 
^RMSE is root mean square error. In the case of models 5.11, 5.12, 
5.13 and 5.19, it is a rough measure calculated outside of the estimation 
program. 
^Explanation of the estimation methods Is presented In Chapter III. 
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i-Zt i-Got i-Ot-1 i-^Ot-l i-Tt 
RZ/d 
RMSE* 
Estima­
tion 
method® 
.180 
(.53) 
[.19] 
-58.8 
(6.16) 
.312 
(2.59) 12.0 
3SLS 
.209 
(.96) 
[.22] 
-59.4 
(3.62) 
.596 
(3.14) 
[.38] 
19.1 
3SLS 
1.127 
(1.28) 
[.49] 
-129.6 
(4.08) 
.490 
(3.27) 
3SLS 
.178 
(1.24) 
[.48] 
-82.0 
(4.92) 
.490 
(3.39) 
.83 
20.9 
OLS 
-4.482 
(2.66) 
[-3.29] 
-74.7 
(6.54) 
.481 
(4.48) 
.192 
(2.89) 
.93 
10.9 
ALSI .038 
(.19) 
-.668 
(1.77) 
[-1.26] 
-41.9 
(6.33) 
.415 
(3.65) 
.91 
7.3 
ALSI -.027 
(.14) 
.267 
(1.53) 
[ .46] 
-37.0 
(5.01) 
.586 
(3.81) 
.89 
9.1 
ALSI .024 
(.12) 
-1.927 
(3.32) 
[-2.08] 
2.051 
(3.91) 
[2.29] 
-62.1 
(4.65) 
.178 
(2.98) 
.85 
14.3 
OLS 
-.104 
(2.71) 
[-.24] 
1.780 
(4.68) 
[2.12] 
-35.7 
(5.11) 9.42 
3SLS 
-.249 
(6.00) 
r-3.351 
1.887 
(7.45) 
[2.051 
-52.7 
(6.03) 
.092 
(1.52) 
.84 
10.8 
OLS 
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estimated by OLS method. The ALSI estimation technique is used to obtain 
unbiased and consistent estimates in the presence of significant auto­
correlation and the significant lagged dependent variable. 
As before, the explanatory variables are classified into five main 
categories for convenience. The variables Involved are then dealt with 
individually. 
Machinery and other price variables 
A ratio of the price of machinery index (P^|) to the farm labor wage 
index (W) is found to be a highly significant (at the 5 percent level, 
using one tailed t test, except CB region) factor in explaining varia­
tion in the other machinery demand in all the regions. However, in the 
NE and SE regions, the inverse of this ratio is found significant at the 
1 percent level (but not the ratio itself). This may be due to high 
correlation between P^/W and other variables in those regions. It is 
interesting that the crop price index either in ratio with or by it­
self is not found significant as in the case of the tractor demand. 
Instead, the farm wage index (in ratio form) is considered as a signifi­
cant factor. This may be possible due to a labor substituting nature of 
the other machinery. 
The other machinery demand elasticities with respect to P^ ranges 
from -.17, in the CB region, to -1.75 in the SE region. Regions CB, 
AP, NP and SP have elasticities less than .5; regions MT, PA and LS 
have between .5 to .7; and regions NE and SE have more than .7. Similar 
to the tractor demand case, the price elasticities of the western 
101 
regions are lower than eastern regions. However, unlike tractor demand, 
no west-to-east general upward trend in the price elasticities is 
observed. Since W is used in a ratio with Pj^j, they are restricted to 
have the same elasticity coefficients (only opposite signs). Therefore, 
the demand elasticities with respect to the wage rate follow the same 
pattern. 
A new variable, the prices paid by farmers for fuel and oil (PQ). 
is found significant at the 1 percent (in the one-tailed test) in all 
the regions except LS. In the LS region it is significant at the 5 
percent level. The variable Pq represents the operating cost of the 
machinery. The negative signs in all the regions support the hypothesis 
that the higher operating costs lower the demand for such machinery. 
The magnitude of the effect, however, varies from region to region. The 
other machinery demand elasticities here are unitary or less than unitary 
in the LS and MT regions; more than unitary but less than two in the NE, 
PA, SE and SP regions; and more than two in the NP, DS, CB and AP regions. 
The price of land (P^), measured as real value of land and buildings 
per acre, is retained in only four equations. A hypothesis of zero 
coefficient for P|^ is rejected at the 5 percent significance level in 
only one, i.e. AP, region. Due to the land-machinery substitution in 
the AP region, the 10 percent increase in the land prices is estimated 
to increase the other machinery demand by 9.5 percent. 
Farm income and expectations variables 
The last year's net farm income (related to the current year savings) 
is likely to affect the current purchases of other machinery. This is 
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evident from the significant (at the 5 percent level using the one-tailed 
t test) coefficients associated with Y^i in other machinery demand 
functions for CB, SP and MT regions. This variable is not found sig­
nificant in any other region; but the expectations of the net farm in­
come measured by the three-year simple moving average (Y^) or weighted 
moving average (Yg) are estimated to affect demand in the NE, LS, and 
NP regions. The demand elasticities with respect to all forms of in­
come variables are found very stable and low in magnitude. Their range 
is .20 in the LS to .48 in the NE. The low elasticities are possibly 
due to the high fluctuations in the regional net farm income as a result 
of uncertainty in agriculture. 
Technology-related variables 
The long-term changes in the farm size are the synthesized effects 
of agricultural technology and other factors. Therefore, farm size is 
classified as a technology-related variable. The increasing farm size in 
different regions has mixed effects (positive and negative coefficients) 
on the other machinery demand, unlike the tractor demand. However, it is 
important to note that all the positive coefficients are nonsignificant 
even at high probability levels. All the negative coefficients are 
highly significant. In general, this allows us to draw a conclusion 
that the farm size has negative or no effect at all on the other machin­
ery demand. Also, a wide range of the elasticities (only significant), 
i.e. -.24 in the MT to -3.29 in the PA region, indicates a varying 
degree of magnitude of the effect. 
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Agricultural technology based on the past other machinery purchases 
is found to have a significant effect on the other machinery demand only 
in the southwest part of the U.S. The demand elasticities with respect 
to this technology variable (a time derivative) are estimated at 2.05, 
2.12 and 2.29 for the PA, MT and SP regions, respectively. 
Economic activity variables 
None of the leading economic indicators were found significant to 
explain the variability in the other machinery demand. The "economic 
condition" dummy variable (D^) is found significant at the 1 percent 
level in all ten regions. This implies that effects of 1968-72 economic 
slow down were more profound, significant and widely recognized for the 
other machinery demand than for the tractor demand. The reduction in 
the demand varied from $35.7 to 129.6 millions in different regions. 
Other relevant variables 
Contrary to the stock adjustment theory, the coefficient associated 
with the lagged stocks of other machinery is significantly pos­
itive in regions AP, SP and PA. Unless it is a function of misspecifi-
cation and estimation of the model, this would imply that the deprecia­
tion rate is higher than the adjustment rate. This may be possible 
due to dominant effects of the economic downswings in the 1950-77 time 
span where farmers let their machinery depreciate and do not rebuild 
their stocks as fast as the economic factors dictate. For the rest of 
the regions this coefficient is zero indicating that the adjustment 
coefficient is equal to the depreciation coefficient. 
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A lagged dependent variable is included to recognize the farmers' 
persistent investment behavior and their unwillingness to make drastic 
changes in the investments year to year in different regions. It is 
found significant at less than the 2 percent level in the NE, CB, NP, 
AP, SE and DS regions. Its coefficient varies from .312 to .586. 
Finally, the current tractor purchases are found significant in deciding 
the current other machinery purchases only in the LS region. The positive 
sign of this variable indicates a significant complementary relationship 
between tractors and other machinery. 
Dynamic Analysis of Farm Machinery Investments 
Investment in farm machinery is a product of a dynamic decision­
making process because it is usually based on a long planning horizon. 
A new tractor, for example, bought today will provide returns in the 
future through its services over its lifetime. Therefore, the investment 
at the present time depends on the expectations about returns on it in 
the future. Changes in the important economic variables in one period 
may have long-lasting effects on the annual returns and hence on the 
investment itself. Dynamic effects of few economic variables on the 
selected machinery in the selected regions are analyzed in this section. 
The reduced farm of the models can be used to evaluate the impact 
of exogenous variables on endogenous variables during the sample period. 
The reduced form equation for the endogenous variable y, in the presence 
of a lagged dependent variable, is a first-order difference equation 
which may be written as 
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= a + 3X^ + yy^.-, + (5.1) 
where x is an exogenous variable and u is an error term. Solving this 
difference equation by iteration, a final-form equation is obtained 
for y as follows: 
N-1 . N-1 . . N-1 . 
ft = * jlo ' "t-j • 
Since |Y|<1» as N-x», a more generalized form of the equation 5.2, 
using x^.xg,- ,x^ predetermined variables, becomes: 
This equation is called the final form equation. For details, see 
Intriligator (1978, pp. 36-37), Wang and Heady (1980, pp. 46-52), and 
Theil and Boot (1962). The coefficients associated with the current 
exogenous variables in equation 5.3 which measure the effect of a unit 
change in the exogenous variables on the endogenous variable in the same 
period are called impact multipliers. The coefficients attached to the 
lagged exogenous variables are called dynamic or interim multipliers. 
A dynamic multiplier measures the cumulative effect of a unit change 
in an exogenous variable on the endogenous variable in the current period 
if the increase is maintained in all intervening periods. The sum of 
all dynamic multipliers (lagging the exogenous variable up to infinity) 
yields the long-term multiplier, which measures the effect on the 
exogenous variable when the exogenous variable experiences a sustained 
change in every period. Its value for the i^^ exogenous variable would 
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be equal to 6 ^/(1-Y ) .  
The estimates of the impact, dynamic and long-term multipliers 
calculated for the interest rate, price of fuel and oil, and net farm 
income are presented in Tables 5.3 to 5.5. As expected, all the dynamic 
multipliers exhibit a geometric decline and converge to zero as the 
time lag increases. Specific conclusions are drawn in the following 
subsections. 
Dynamic multipliers for the interest rate 
The main feature of the results here is that a change in the inter­
est rate at time t has the most far-reaching effects on the AP tractor 
demand and least on the U.S. other machinery demand, as shown in Table 
5.3. The dynamic multipliers in the case of U.S. harvesting machinery 
dampen moderately and measure the minimal effects by the lag period of 
10. The total of all the multipliers provides the long run multiplier 
which measures a decline of 495.14, 33.14 and 16.76 units in US-0, 
US-H and AP-T, respectively, for a permanent increase in the interest 
rate by one unit. These changes, however, are in absolute terms and 
not in percentages. 
Dynamic multipliers for the price of fuel and oil 
Table 5.4 shows the effects of a one unit sustained change in the 
index of price of fuel and oil on the investments in the other machinery 
of the selected seven regions. The dynamic multipliers for AP-0 dampen 
most rapidly, reaching close to zero by the eighth year lag; and for 
DS-0 least rapidly, measuring substantial effects even by the end of 
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Table 5.3. Dynamic multipliers for interest rates affecting farm 
machinery demand, 1950-77 
Lag 
period 
US-H* 
model 
(4.10) 
US-0 
model 
(4.14) 
AP-T 
model 
(B.19) 
0 -22.7284 -435.1514 -9.1523 
1 -7.1413 -52.7212 -4.1533 
2 -2.2438 -6.3875 -1.8848 
3 -.7050 -.7739 -.8553 
4 -.2216 -.0938 -.3882 
5 -.0696 -.0114 -.1761 
6 -.0219 -.0014 -.0799 
7 -.0069 -.0002 -.0363 
8 -.0022 0.0000 -.0163 
9 -.0007 0.0000 -.0075 
10 -.0002 0.0000 -.0034 
Total'' -33.1414 -495.1407 -16.7563 
First two letters represent the USDA production region or the 
U.S. at an aggregate level. The variables H, 0, and T are harvesting 
machinery, other machinery, and tractors, respectively. See Appendix 
A for definitions. The numbers in parentheses refer to the models, 
presented in Tables 4.2 to 5.2 and the tables in Appendix B, that are 
used to calculate the dynamic multipliers. 
^Total refers to the sum of all dynamic multipliers (lag period 
up to infinity), long-term multiplier. See the text for its calcula­
tion. 
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Table 5.4. Dynamic multipliers for the price index of fuel and oil 
affecting farm machinery demand, 1950-77* 
Lag 
period 
NEO 
model 
(5.11) 
LS-0 
model 
(B.41) 
CB-0 
model 
(5.13) 
NP-0 
model 
(B.49) 
AP-0 
model 
(B.52) 
SE-0 
model 
(5.16) 
DS-0 
model 
(B.57) 
0 -2.0973 -3.9089 -9.3484 -4.4971 -1.8174 -1.5389 -2.1232 
1 - .6548 -1.5198 -4.5807 -1.3527 - .4731 - .6382 -1.2620 
2 - .2044 - .5909 -2.2446 - .4069 - .1231 - .2647 - .7502 
3 - .0638 - .2297 -1.0998 - .1224 - .0321 - .1098 - .4459 
4 - .0199 - .0893 - .5389 - .0368 - .0083 - .0455 - .2650 
5 - .0062 - .0347 - .2641 - .0111 - .0022 - .0189 - .1575 
6 - .0019 - .0135 - .1294 - .0033 - .0006 - .0078 - .0936 
7 - .0006 - .0053 - .0634 - .0010 - .0002 - .0032 - .0557 
8 - .0002 - .0020 - .0311 - .0003 0.0000 - .0014 - .0331 
9 - .0001 - .0008 - .0152 - .0001 0.0000 - .0006 - .0197 
10 0.0000 - .0003 - .0075 0.0000 0.0000 - .0002 - .0117 
Total -3.0493 -6.3955 -18.3302 06.4318 -2.4569 -2.6293 -5.2347 
*See Table 5.3 for footnotes. 
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Table 5.5. Dynamic multipliers for net farm income affecting farm 
machinery demand, 1950-77* 
Lag 
period 
NP-T 
model 
(B.15) 
CB-0 
model 
(5.13) 
NP-0 
model 
(B.49) 
0 .7584* 
— K 
1 .1961 2.9400* 1.1300° 
2 .0507 1.4418 .3399 
3 .0131 .7070 .1022 
4 .0034 .3467 .0308 
5 .0009 .1700 .0093 
6 .0002 .0834 .0028 
7 .0001 .0409 .0008 
8 .0000 .0201 .0003 
9 .0000 .0098 .0001 
10 .0000 .0048 .0000 
Total 1.0229 5.7692 1.6161 
*See Table 5.3 for footnotes. 
unit of measurement of net income is changed from million to 
100 million dollars; hence, these coefficients are 100 times bigger 
than the ones presented before. 
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the tenth lag period. The dampening rate evidently Is Inversely related 
to the magnitude of the y coefficient. In most cases. It Is observed 
that the substantial effects last only for about 5 years. 
Dynamic multipliers for the net farm Income 
The dynamic effects of a permanent change in the net farm Income 
on the tractor and other machinery demand in the Corn Belt, and the 
other machinery demand in the Northern Plains, are presented in Table 
5.5. The effects last longer on the other machinery investments in 
the CB region than the NP region. Also, the dynamic multiplier effects 
on tractor demand decline more rapidly than the effects on other machin­
ery of the Northern Plains region. 
Summary 
The analysis of regional tractor and other machinery demand reveals 
that while most factors are common for both types of demands, certain 
factors seem to have more significant effect on one type of machinery 
demand than on the other. For example, prices received by farmers are 
significant in explaining variations in the tractor demand but not the 
other machinery demand. On the other hand, the farm wage rate is more 
significant in other machinery demand equations than in the tractor 
demand equations. Annual economic leading indicators are estimated to 
have positive effects on the tractor demand but no effect on the other 
machinery demand. Also, the effect of the 1968-72 economic slowdown is 
felt more by way of reduction in the other machinery demand than tractor 
demand. 
I l l  
The significant positive coefficient associated with 0 in tractor 
demand equations (CB and AP regions) and with T in the other machinery 
demand equation (LS region), indicate that the two types of farm machin­
ery have a complementary relationship. This Implies that the increase 
in tractor demand will Increase the demand for other machinery and vice 
versa in certain regions. 
Among similarities, it is observed that the changes in the farm 
size variable have negative effects on either type of machinery demand 
in most regions. 
The acreage withheld from production as a feed grain acreage reserve 
is estimated to reduce the tractor demand significantly but not the other 
machinery demand in the Corn Belt region. The financial variable, debt-
asset ratio, is not found to affect the demands in most regions. It has 
a significant (negative) effect only on tractor demand in the Pacific 
region. 
In general, with the exception of PA, AP and a few other regions, 
the eastern regions have more elastic and the western regions have less 
elastic demand for tractors as well as other machinery, than the central 
regions. 
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CHAPTER VI. FARM MACHINERY INVESTMENT SIMULATION MODEL 
The preceding chapters are devoted to the economic analysis under­
taken to help identify the main factors affecting regional and national 
farm machinery demand, and to estimate empirically the price, income 
and other important elasticities. Also, the long-lasting effects of 
certain economic variables on the investment behavior on farms are ex­
pressed through dynamic multipliers. Those analytical results are in­
tended to help different clientele groups such as farmers, farm machin­
ery producers and policy makers, in their decision making by way of 
understanding the structure of agricultural mechanization in the U.S. 
While all the estimation and analysis of farm machinery demand 
is based on historical observations of the relevant variables, nothing 
has been said about the demand for machinery in future agriculture. The 
future structure, organization and intensity of agricultural mechaniza­
tion is never known with certainty. Will the future farms be highly 
mechanized and even operated by computer-controlled machines reducing 
human labor on farms to a minimal level? Or will the future turn the 
mechanization trend completely around and lead us to the farms operated 
with animal power in order to cope with limiting sources of energy? Or 
will future farming consist of some combination of the two extreme 
alternatives? All these questions can never be answered with certainty. 
However, by making use of careful analysis of past information, advanced 
econometric modeling tools, and some educated judgments, it is possible 
to make inferences about the future of farm mechanization in the U.S. 
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With a purpose of forecasting different farm machinery demand in 
the ten regions of the U.S. with alternative sets of assumptions In 
mind, a forecasting model is developed, estimated and simulated. A 
detailed description of the model including Its structure, estimated 
equations and validation is presented in this chapter in the following 
sections. The model, then, is simulated and the result of investment 
demand forecasting under base run assumptions and other policy alterna­
tives are presented in the next chapter. 
Given the estimated demand equations for tractor and other machin­
ery for each region separately, the problem is to predict the demand in 
the future. In order to obtain these demand predictions, we need the 
future values of all the explanatory variables In those equations. 
Some variables can be treated as given or as exogenous to the agricul­
ture sector. However, the values of other variables that are closely 
related to the farm machinery demand are determined within the system 
of farm machinery demand. Recognizing all the important linkages between 
the relevant variables, a subsystem of about twelve equations (including 
two identities) for every region is specified. A basic system for machin­
ery demand for the i^*^ region is described in equations 6.1 through 6.12. 
Model Structure 
i-Tt = f(PTt/1-Pct' Wf 1-YEt' i-Zf let' (6.1) 
( 6 . 2 )  
Wt = f(PMt' "-f WNt» Wt-l) (6.3) 
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^t = ^Nt' ^Ot' ^Tt-l' Tg) (6.4) 
^Mt = ^Nt' ^Ot' ^Mt-l' ^0^ (6.5) 
i-Zt = = i-At/i-Ft (6.6) 
i-A, = (6.7) 
T-^Et = i.Y^.l/2 + i-Y^.2/3 + i-Y^.3/6 (6.8) 
i-Y,= 
= f(i-Pct, i-Qt' Xf 1-Yt-l' °I' To) (6.9) 
i-^Ct ^"^t* *t' ^"^Ct-1' TQ) (6.10) 
i-Gyt = h,- d,/(l + (6.11) 
i-Got = hg-dg/d + e®2(t-to)j (6.12) 
Brief definitions of the variables, constants and other notations 
that are Involved In the above equations and In the rest of the chapter 
are provided here. A detailed description and derivation of these vari 
ables is presented in Appendix A. First, the endogenous variables are: 
A = the regional acres of cropland used for crops. It is the sum of 
cropland harvested, crop failure acreage, and cultivated summer 
fallow land. 
= a technology variable for national harvesting machinery. 
Gq = regional other machinery technology variable. 
Gy = regional tractor technology variable. 
H = national harvesting machinery purchases (demand). 
= national all machinery purchases which is the sum of tractors, 
harvesting machinery and other machinery purchases. 
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0 = regional other machinery purchases (demand). 
Pg = the regional index of prices received by farmers for their crops. 
= the national index of real prices paid by farmers for medium 
capacity self-propelled combines. 
P^ = the national index of real prices paid by farmers for all machinery. 
Pp = the national index of real prices received by farmers for all 
farm products. 
Py = the national index of prices paid by farmers for tractors. 
T = regional tractor purchases (demand). 
W = the national index of the hourly farm wages paid by farmers to 
hired workers. 
Y = regional and national net farm income. 
= three-year simple moving average of net farm Income in each 
region. 
Yg = three-year weighted moving average of net farm income in each region. 
Z = the regional and national farm size or the acres per farm. 
The exogenous variables used in the above and later equations are: 
Ajj = total acreage diverted in each region under government programs. 
C = the index of regional farm production expenses. 
Dg = the "economic conditions" dummy variable with 1968-72 equals one 
and zero otherwise. 
Dj = a dumffiy variable for the farm income; 1973 = 1, rest all zero. 
Dy = the cropland acreage withheld from production under commodity pro­
grams at the national level. 
F = total number of farms In each region. 
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Fjj = the cropland acreage withheld from production of feedgrains at 
the national level. 
= the national composite index of four roughly coincident indicators. 
Ig = the national composite index of six lagging indicators. 
1^ = the national composite index of twelve leading indicators. 
L = the national total of hired workers (numbers) on farms. 
Pj = producer (wholesale) price index for iron and steel at the national 
level. 
= the regional price of land or the value of land and buildings per 
acre. 
Pjj = the national index of real support prices for cotton. 
Pq = the index of the national average price of fuel and oil paid by 
farmers. 
Pg = the index of weighted support prices of different crops in each 
region. 
Q = the regional farm output (crops and livestock) index. 
Sy = value of tractors on farms (stocks) in each region. 
Tj = inverse of time (TQ). 
T|^ = log of time (TQ). 
Tq = time trend with 1948-1 ,' 1977=30,", 1990=43. 
Tg = square root of time (TQ). 
W|^ = the national index of real average hourly earnings of production 
workers in private, nonfarm economy. 
X = the national index of total domestic exports of all farm products. 
The constants used in the equations here and later in the chapter 
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have the following meaning: 
= the difference between the highest and the lowest purchases of 
tractors over the 1948-77 period. 
dg = the difference between the highest and the lowest purchases of 
other machinery over the 1948-77 period. 
e = 2.7183. 
g^ = the growth parameter which is equal to the observed historical max­
imum rate of change of the tractor purchases over time. 
§2 = the growth parameter which is equal to the observed historical 
maximum rate of change of other machinery purchases over time, 
h^ = the historical highest tractor demand over the 1948-77 period, 
hg = the historical highest other machinery demand over the 1948-77 
period. 
t^ = 1963, i.e. a mid-year from 1948 to 1977. 
The letter f denotes a functional relationship; 1 denotes the 1^^ 
region (i = NE, LS, CB, MP, AP, SE, DS, SP, MT, PA); t denotes the cur­
rent year; and t-1 denotes the past year. 
Tractor and other machinery demand equations are regional. Hence, 
the national demand for tractors and other machinery is obtained by 
summing over all the regions. Harvesting machinery demand is estimated 
only at the national level. In order to predict this demand, few addi­
tional equations (e.g. H, P^, Gj^, etc.) are estimated. 
The system of equations, 6.1 through 6.12, described above is for 
only one region. Ten such subsystems for the regional machinery demand 
are specified separately. But the price equations 6.3 to 6.5 are 
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estimated only once (at the national level); therefore, all the regional 
submodels are linked to each other through those variables. 
The regional econometric forecasting model consists of all the 
regional subsystems based on the statistical structure of a block 
recursive model such as the one described in Chapter III. Equations 
6.1 and 6.2 form a simultaneous block. Equations 6.4 and 6.5 along with 
an equation for PH, form a second block or system of seemingly unrelated 
equations. The second block feeds into the first one. The rest of the 
equations are independent but form a recursive structure. These re­
cursive equations also feed into the first block. 
A schematic diagram of this model, showing linkages among all the 
variables and important constants, is presented in Figure 6.1. The 
arrows indicate the direction of causality. The innermost circle con­
tains only the target variables (tractors, harvesting machinery, and 
other machinery demand) encircled by dark lines. The middle circle in­
cludes all the endogenous variables of the model. The values of these 
variables are also predicted into the future, but they are of secondary 
importance to this study (as an intermediate step). The outermost circle 
represents all the current exogenous and lagged endogenous variables. 
The values of exogenous variables are given and known before the model 
is solved for all the endogenous variables. The values of lagged 
endogenous variables are determined by the solution of the model in a 
preceding time period. Using the values of endogenous and some exogenous 
variable, the model is then solved for the target variables. 
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Predetermined Variable, Endogenous Variable, Target Variable 
Figure 6.1. A schematic presentation of the farm machinery Investment 
demand simulation model 
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Estimated Model Equations 
The model equations presented in equations 6.1 through 6.12 are 
estimated, with some modifications in the specification, for each region. 
All equations are estimated using 1950-77 annual data. The structural 
coefficients, their respective t statistic values, and the estimation 
p 
methods used for each equation are Included. The R values are provided 
for all the equations except for those estimated by the 3SLS or A3SLS 
methods. Estimate of the autoregressive parameter is shown, with its 
t value, for the equations estimated by autoregressive methods. 
The entire model contains 92 equations, of which 24 are identities. 
There are about 70 exogenous variables used in the model. The simultane­
ous blocks are identified (just or over). Hence, all the 92 endogenous 
variables have unique solutions. The 24 target variables are the main 
part of the endogenous variables. Tractor and other machinery demand 
for the U.S. is obtained by summing the individual demand over all the 
regions. Harvesting machinery demand is estimated only at the national 
level. Hence, the related equations, e.g. H, and equations, are 
also estimated in the U.S. submodel. The values of variables such as 
and can be used as the aggregate of all the regions. Nevertheless, 
these variables are estimated for the U.S. separately, as larger errors 
were observed during the validation run of the model when the sum of all 
regional values of A^ and were used. The equation for the index of 
agricultural products (crops and livestock) is estimated In the U.S. 
submodel. However, for simplicity, only the crop index is estimated in 
each region. 
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The estimated equations of a submodel for each region are presented 
below, along with related statistics and an indication of the estima-
tional method. 
Northeast reqion equations 
ne-t; = -87.4263 - 60.7057 + .0411 ne-y^^ + .4560 ne-z^ 
(3.49) (2.33) (1.61) 
+ 1.0117 + .2122 ne-tt_, 
(3.47) (1.40) 
3sls 
ne-0^ = 57.7610 + 1.8554 - 2.0973 pq^ + .0591 ne-y^^ 
(2.78) (4.22) (2.88) 
+ .1804 ne-z^ - 58.7854 og + .3122 ne-0^_^ 
(.53) (6.16) (2.59) 
3sls 
= 26.4538 + 18.9682 p^^ - .0099 + .7039 
(3.05) (4.73) (9.30) 
ols, = .99 
p^^ = -305.1188 + 1.8299 pq^ + 2.5129 + 182.7407 tj 
(2.50) (8.28) (1.72) 
3sls 
ne - z; = ne-a^/ne-f; 
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NE-A^ = 2.6282 - .2230 NE - - .0950 Tg + .8446 NE-A^_^ 
(3.19) (.63) (8.36) 
OLS, = .99 
NE-Y^t = NE-Y^_^/3 + NE-Y^^g/S + NE-Y^_3/3 
NE-Y^ = 1780.9031 + 2.0857 NE-Q^ + 14.2639 - 245.1289 Tg 
(.24) (.16) (6.52) 
+ 416.8212 Dj 
(2.90) 
OLS, = .84 
NE-Pgt = .8123 - .0137 NE-Q^,, + .3698 + .2379 NE-P^^ 
(1.78) (1.58) (1.79) 
ALS, = .77, g = .5497 
(1.70) 
Lake States region equations 
LS-T; = 617.4956 - 49.7785 P^^^/LS-P^.^ + .0356 LS-Y^^ - 4.4765 LS-Z^ 
(1.41) (2.12) (2.61) 
+ 1.6148 LS-Gyt + 2.0009 
(2.44) (2.89) 
A3SLS, p = .2724 
(1 .16)  
LS-0^ = 215.1111 - 152.5304 - 1.9981 Pq^ + .2583 LS-P^* 
(3.56) (2.46) (1.24) 
+ .0327 LS-Y[t + .2466 LS-GQ^ - 59.0394 Dg + .5712 LS-T^ 
(1.84) (1.19) (3.79) (3.20) 
3SLS 
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LS-Z; = LS-A^/LS-F^ 
LS-A; = 22.1472 - .5230 LS-Ag^ + .0131 Tq + .4142 LS-A^_^ 
(6.84) (.71) (3.83) 
OLS, = .90 
LS-Y^t = LS-Yt_,/3 + LS-Yt_2/3 + LS-Y^_3/3 
LS-Ygt = LS-Y^.^/2 + LS-Y^_2/3 + LS-Y^_3 /6 
LS-Y; = 611.9446 + 516.0941 LS-Pg^ + 108.0728 + 1162.4642 Tj 
(2.83) (1.10) (4.11) 
+ 1101.4380 Dj 
(4.46) 
OLS, = .77 
LS-P^t = -.2677 + 2.2421 LS-C^_^ + .0076 LS-P^^ - .3579 Tg + .6666 LS-Pg^.i 
(2.23) (.04) (1.61) (4.86) 
OLS, R^ = .76 
LS-Gyt = 195.26 - 107.68/(1 + 2.7183 3G63(t-1963)) 
LS-Ggt = 318.13 - 146.43/(1 + 2 .7183'3331(^-1963)) 
Corn Belt region equations 
CB-T^ = 433.4688 - .6030 Pj^/CB-P^^^ + .0268 CB-Y^ ^ - 4.8099 CB-Z^ 
(1.52) (3.48) (4.55) 
+ 1.5324 CB-Gyt + 3.5363 - .6404 + .1112 CB-0^ 
(3.71) (4.74) (1.74) (1.33) 
3SLS 
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CB-O; = 983.2334 - 66.9559 P^t/W^ - 9.3484 PQ^ + .0293 CB-Y^^ 
(1.15) (4.74) (1.90) 
+ 1.1274 CB-Z^ - 129.5694 Dg + .4900 CB-0^ 
(1.28) (4.08) (3.27) 
3SLS 
Py^ = 5.6929 + .2018 Pq^ + .2558 + 16.1617 Tj + .4983 Py^.] 
(1.89) (4.06) (1.05) (3.76) 
3SLS 
CB-Z^ = CB-A^/CB-F^ 
CB-A^ = 60.3132 - .7235 CB-Ag^ + 1.4490 Tg + .1908 CB-A^,, 
(20.33) (13.39) (4.11) 
OLS, = .98 
CB - = 1844.5579 + 2825.0157 CB-P^^ - 49.1847 CB-Q^_^ + 396.9667 
(3.52) (3.77) (.90) 
+ 1272.8286 Dj - .5337 CB-Y^_^ 
(2.69) (3.09) 
ALS, = .83, a = .6497 
(3.32) 
CB-Pct = .4678 - .0161 CB-Q^ + .2061 CB-Pg^ + .0475 Tq + .2421 CB-Pg^.i 
(2.81) (.77) (1.61) (.73) 
ALS, R^ = .79, g = .6381 
(1.93) 
CB-Gyt = 342.15 - 188.61/(1 + 2.7183'3908(t-1963)) 
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Northern Plains region equations 
NP-T^ = 156.8687 - 12.7485 P^^/NP-Pct + 8525 NP-P^^ + .0076 NP-Y^ 
(.52) (2.76) (1.04) 
- .3101 NP-Z^ + 1.0522 - .1545 NP-Sy^.i + 2586 NP-T^ ^ 
(1.56) (1.57) (2.93) (1.66) 
3SLS 
NP-O; = 596.0807 - 40.1112 P^^/NP-Pq^ - 4.4971 Pq^ + .0113 NP-Y^_^ 
(1.77) (5.62) (1.06) 
- 43.2859 Dg + .3008 NP-0^_^ + .4873 NP-T^ 
(2.24) (1.87) (2.26) 
3SLS 
NP-Z^ = NP-A^/NP-F^ 
NP-A^ = 63.8694 - .2958 NP-A^^ + 2.6294 Tj + .3140 NP-A^_^ 
(5.99) (1.15) (2.89) 
OLS, = .89 
NP-Y^ = 828.200 + 32.2821 NP-Q^ + 677.5240 - 701.7005 Tg + 2128.0415 Dj 
(5.77) (3.91) (8.08) (7.77) 
ALS, = .87 g = -.3780 
(1.80) 
NP-Pr+ = -.7055 + .7672 NP-C+ + .2683 NP-Pc+ + .6833 NP-P.» i 
" (3.06) ' (2.95) (5.84) 
OLS, R^ = .79 
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Appalachia region equations 
AP-T^ = 80.0358 - 3.7841 P^t/AP-Pj. + .0171 AP-Yg^ - 1.8149 AP-Z^ 
(.19) (1.88) (2.58) 
+ 1.1587 AP-Gyt + .5463 - 16.3042 + .2197 AP-O^ 
(2.96) (1.94) (2.66) (1.66) 
3SLS 
AP-O; = 166.7337 - 62.3919 P^t^AP-P^,^ - 1.4254 PQ^ - 29.9743 Dg 
(2.90) (2.16) (2.78) 
+ .2042 AP-Ot_i + .0329 AP-Sg^ + .9817 AP-T^ 
(1.34) (1.48) (3.70) 
3SLS 
AP-A^ = 6.1110 - .7098 AP-A^^ + 17.0164 Tj + .2073 AP-A^_i 
AP-Z; = AP-A^/AP-F^ 
C 
(7.82) (2.62) (1.98) 
ALS, = .99, g = .5455 
(6.13) 
AP-Ygt = AP-Y^_^/2 + AP-Y^_2/3 + AP-Y^_3/6 
AP-Y. = 2100.2300 - 15.5491 AP-Q+ , + 272.7579 AP-P,.. + 346.1825 X. 
(1.75) (2.32) (2.14) 
+ 2421.9879 Tj +727.1120 Dj 
(2.15) (4.06) 
OLS, = .86 
AP-Pct = -.4916 + .6643 AP-C^ + .1475 AP-Pg^ + .7191 AP-P(.^_i 
(1.23) (1.14) (5.26) 
OLS, R^ = .75 
127 
-Gy^= 141.99 - 84.80/(1 + 2.7183-^^®^^^'^^®^h AP 
Southeast region equations 
SE-T; = -25.6442 - .0528 Pyt/SE-Pct* 0231 SE-Yg^ + .3103 + .4105 SE-0^ 
(.66) (3.60) (3.01) (7.33) 
2SLS, R2 = .83 
SE-O; = 77.9080 + 2.5783 W^/P^^ - .9781 Pq^ + .0821 SE-P^ - 1.0322 SE-Z^ 
(4.45) (.02) (2.16) (2.92) 
- 36.4248 Dg + .3862 SE-T^ 
(4.92) (1.47) 
2SLS, r2 = .89 
SE-Z. = SE-A^/SE-F^ 
SE-A; = 7.5632 - .4495 SE-Ap^ + 
(5.72) 
.0011 SE-Ygt + 16.2870 Tj + .3269 SE-A^^ 
(1.53) (4.48) (3.15) 
OLS, - .98 
SE-Ygt = SE-Yt_,/2 + SE-Y^_2/3 + SE-Y^_3/6 
SE-Y. = 725.6624 - 4.9884 SE-Q+ + 548.0594 SE-P.. + 35.6384 X. 
(.95) (4.24) (.22) 
+ 65.1659 + 484.2062 Dj 
(.98) (3.25) 
OLS, r2 = .75 
SE-Pr+ = -.3441 + .6198 SE-C+ +.0714 SE-Pç. + 2.3951 T, + .5904 SE-P.» , 
" (1.65) '  (.53) " (2.81) (5.06) 
OLS, r2 = .84 
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Delta States region equations 
DS-T^ = -24.8656 - 1.1141 + .0220 DS-Y^^ - .2753 DS-Z^ 
(.14) (4.14) (2.55) 
+ 1.1621 DS-Gyt + .2654 DS-0^ 
(2.69) (3.97) 
3SLS 
DS-0^ = 265.7508 - 20.8357 P^t/W; - 2.1232 PQ^ + .0026 DS-Yg^ 
(1.00) (4.08) (.15) 
+ .1393 DS-Z^ - 36.5420 Dg + .5944 DS-0^_^ 
(.86) (4.59) (4.62) 
3SLS 
DS-Z^ = DS-A^/DS-F^ 
DS-A^ = 14.2909 - 1.6036 DS-Ap^ + .1242 Tq 
(5.94) (5.36) 
OLS, = .66 
DS-Y^^ = DS-Y^i/3 + DS-Y^ g/S + DS-Y^ g/S 
DS-Ygt = DS-Y^_^/2 + DS-Y^_2/3 + DS-Y^_3/6 
DS-Y^ = -398.5078 + 6.4490 DS-Q^ + 73.8084 P^^-i * 23.5969 
(2.35) (.57) (.19) 
+ 2402.4778 Tj + 612.6204 Dj + .3670 DS-Y^_^ 
(2.36) (5.16) (2.45) 
OLS, = .81 
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DS-Pct = -.1901 + .4046 DS-C^ + .1231 DS-Pg^ + .7153 I>S-P(,^_^ 
(1.13) (.97) (5.36) 
OLS, = .76 
DS-Gyt = 64.25 - 35.39/(1 + 2.7183 3792(t-T963)) 
Southern Plains region equations 
SP-T^ = 160.6688 - 23.8057 P^^/SP-Pct + 0027 SP-Y^_^ - .2979 SP-Z^ 
(1.65) (.41) (2.75) 
+ .9109 SP-Gyt + .2493 SP-T^ -, 
(3.77) (1.45) 
3SLS 
SP-0^ = 170.7830 - 33.5916 - 2.5163 Pq^ - .0065 SP-P^^ 
(1.95) (3.59) (.11) 
+ .0191 SP-Yt_i + .2389 SP-Z^ - 31.6628 Dg + 1.2898 SP-T^ 
(2.09) (1.45) (3.14) (4.48) 
3SLS 
SP-Z^ = SP-A^/SP-F^ 
(4.08) (7.21) 
SP-A; = 46.4790 - .3896 SP-A^^ - 2.1142 Tg 
OLS, = .81 
SP-Y; = 355.7256 + 18.0234 SP-Q^ + 54.8157 X^- 68.8979 Tq+1114.1714 0% 
(3.25) (.33) (6.03) (4.97) 
OLS, R^ = .81 
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SP-Pct = -.5478 + .7479 SP-C^_^ + .3266 SP-Pg^ + .5118 SP-P^^.i 
(3.67) (3.48) (4.11) 
OLS, = .84 
SP-Gyt = 123.08 - 75.65/(1 + 2.7183'3900(t-1963)) 
Mountain region equations 
MT-T^ = 93.6980 - .1082 Pyt/MT-Pct ^ -0115 MT-Y^,, - .1240 MT-Z^ 
(1.10) (2.37) (6.67) 
+ 2.4740 MT-Gyt + .4745 - 7.3817 
(6.52) (2.59) (1.72) 
3SLS 
MT-0^ = 167.3805 - 53.6846 - 1.1126 Pq^ + .0283 MT-Y^ ., 
(4.32) (2.57) (3.55) 
- .1037 MT-Z; + 1.7803 MT-Gq^ - 35.6590 
(2.71) (4.68) (5.11) 
3SLS 
MT-Z^ = MT-A^/MT-F^ 
MT-A^ = 19.1870 - .1018 MT-Ag^ + .0012 MT-Y^^ + .4269 MT-A^,-, 
(1.26) (1.95) (2.86) 
OLS, = .83 
MT-YAt = MT-Y^_i/3 + MT-Y^_2/3 + MT-Y^_3/3 
MT-Y^ = -2549.7898 + 37.1548 MT-Q^ + 758.576 MT-Pg^ - 829.7817 
(6.65) (5.50) (5.91) 
+ 3071.612 Ti + 161.9774 D, 
(3.21) (1.24) 
ALS, R2 = .90 g = .1585 
(.84) 
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MT-P^^ = -.8264 + .9471 MT-C^_^ + .3110 MT-Pg^ + .6367 MT-Pg^.i 
(3.81) (3.63) (5.76) 
OLS, = .82 
MT-G^t = 75.45 - 37.32/(1 + 2.7183'3G73(t-1963)) 
MT-Ggt = 175.82 - 74.768/(1 + 2.7183-3743(5-1963)) 
Pacific region equations 
PA-T^ = -10.2210 - 30.5011 PHt/PA-P^t + .0266 PA-Yg^ - 571.8228 PA-D^t 
(2.61) (7.05) (3.00) 
+ .7937 PA-Gyt + .5417 + .1641 PA-O^ 
(2.32) (1.64) 
3SLS 
PA-0^ = 155.5420 - 56.1520 P^^/W^ - 1.49 Pq^ + .1434 PA-Z^ - 29.6043 Dg 
(4.69) (3.07) (3.09) (4.13) 
+ 1.3433 PA-T. 
(7.21) 
3SLS 
PA-Zt = PA-A^/PA-F^ 
PA-A^ = 6.1749 - .3213 PA-A^^ + .0006 PA-Y^_^ - .2397 PA-A^.^ 
(2.48) (3.83) (1.49) 
.7447 
(4.83) 
ALS, R? = .79 p = .  
PA-Y[ T  = PA-Y^_^/2 + PA-Y^_2/3 + PA-Y^ _ 3 /6 
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PA-Y = -22.3147 - 18.2399 PA-Q. , + 1306.1815 PA-Pp. + 477.7642 X+ 
(1.23) (4.98) (1.23) 
+ 354.5620 Tg + 213.8168 Dj 
(2.63) (.86) 
OLS, = .85 
PA-Pgt = .3494 + .0222 PA-Q^_^ + .1359 PA-Pg^ - .3768 Tg 
(2.84) (.44) (1.22) 
OLS, R2 = .51 
PA-Gyt = 79.81 - 45.14/(1 + 2.7183'3900(t-1963)) 
United States equations 
US-M^t = US-T; + US-Hj. + US-0^ 
US-T^ = NE-T^ + LS-T^ + CB-T^ + NP-T^ + AP-T^ + SE-T^ + DS-T^ + SP-T^ 
+ MT-T^ + PA-T^ 
US-0^ = NE-0^ + LS-0^ + CB-0^ + NP-0^ + AP-0^ + SE-0^ + DS-0^ + SP-0^ 
+ MT-O^ + PA-0^ 
US-H^ = 8.8557 - 191.3917 P^^/Ppt + .0046 US-Y^^ - 5.1690 US-Z^ 
(7.50) (1.43) (4.84) 
+ 4.1356 US-G^t + .2069 US-H^^ + .1282 US-S^^_^ 
(6.31) (2.32) (7.76) 
3SLS 
P^^ = -1.0780 + .0041 Pq^. + .0038 Pj^ + .0124 + 1.0943 Tj 
(2.09) (2.42) (8.65) (4.20) 
3SLS 
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US-Z; = US-A^/US-F^ 
US-A^ = 269.5955 - .4827 + .00028 - 2.6664 + .2859 US-A^_i 
(12.51) (.93) (2.17) (4.50) 
OLS, = .99 
US-Y^t = US-Y^_^/3 + US-Y^_2/3 + US-Y^_3/3 
US-Y^ = -3193.0142 + 262.2894 Pp^ - 70.0527 US-Q^_^ + 238.4213 Tq 
- .3459 US-Y^] 
(2.96) 
ALS, = .87 p = .5870 
(2.70) 
US-Ppt = 70.1952 + .00057 + 7.21 US-Pg^ + 189.7 Tj 
(2.46) (1.08) (2.84) 
OLS, R2 = .73 
US-Gwt = 582.7373 - 297.667/(1 + 
Most of the equations are prespecified based on the socioeconomic 
considerations in the agriculture sector. However, in order to eliminate 
certain statistical problems (e.g. multicollinearity between two vari­
ables, inaccurate measure of a certain variable, etc.), different forms 
of the same variable or different alternate variables are tried in the 
estimation of each equation. Most of the variables in the model have 
"correct" signs. A few coefficients have "wrong" signs, e.g. the lagged 
export (X^_i) variable has a negative effect on the net farm income in 
the Mountain region. While the t statistic associated with some of the 
134 
variables is low, they are retained in the equations if their coeffi­
cients have the right signs. An intercept adjustment has been made in 
some of the machinery demand equations. This adjustment was warranted 
by the over or under predictions in the validation simulation run, partly 
caused by inaccurate lagged values of some of the variables. An error 
in the first year prediction causes an error in the second, and so on, 
as the predicted lag values are used in simulation. 
Model Validation 
Validation of a model is an important part of the model building. 
It deals with the credibility and adequacy of the model. It aids in 
providing answers to the questions such as how well it predicts against 
the real world situation, or how realistic the model is for a policy 
analysis, etc. Model validation is a somewhat subjective process; 
therefore, a valid econometric model to begin with must be specified 
conforming closely with economic theory and its behavioral and structural 
coefficients estimated by appropriate econometric methods. 
Apart from the statistical "fit" of the individual or group of equa­
tions, there are many statistical measures to evaluate the simulation 
error. The most common measure which expresses the simulation error 
in each variable in percentage form is root-mean-square percent error 
(RMSPE). It is defined by Pindyck and Rubinfeld (1976, p. 316) as 
follows: 
RMSPE 
T Y/ - Y/ 2 
Y I (- r-^) (6.13) 
' t=l y/ 
1 3 5  
where = the simulated value of variable 
Y^a = the actual value 
T = the number of periods in the simulation. 
A perfect prediction model would have simulated values exactly the same 
as the actual ones resulting in a zero RMSPE. The higher the deviations 
in the Y^^ from Y^®, the higher the percentage of error. 
The regional farm machinery demand model is simulated over a 
historical period of 1950-77. The actual values of all the exogenous 
variables for 1950-77 and the actual values of the lagged endogenous 
variables prior to 1950 are used in the simulation. The RMSPEs for 
the 24 machinery demand variables are calculated. At the national level, 
the RMSPE for all machinery demand is .11 and for harvesting machinery 
is .14. The RMSPEs for the other machinery and tractor demand are 
slightly higher, i.e., .18 and .26, respectively. The simulation 
error in the regional tractor demand ranges from 11 percent to 34 per­
cent, excluding the LS region where it is exceptionally high (88 per­
cent). A range of 8 percent to 50 percent error in simulating the 
regional other machinery demand is estimated. 
As reflected by RMSPE, the simulation error of the machinery demand 
model is too high. This is observed in spite of the fact that the 
statistical "fit" of the individual equations is "satisfactory." How­
ever, we use the actual values of the lagged dependent variables during 
the estimation process and the simulated values (except the values prior 
to the beginning year) of the same variables during the simulation 
process. This has a built-in error effect. Some of the reasons for 
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very high simulation error may be: 
(a) data on some of the variables for lagged years prior to 1950 were 
not available; therefore, their values are assumed equal to the 
value of the closest year available; 
(b) some of the equations are estimated on the 1951-77 period using 
1950 as a lagged year value, while the simulation is done on the 
1950-77 period. 
The errors caused during first few years are multiplied throughout 
the historical period. This problem apparently seems to be corrected 
when the model is simulated beyond 1977 using the actual values of the 
initial lags of all the variables. The ex post forecast for 1978 and 
1979 is compared to the actual values. This comparison is a better 
measure of judging how well the model will perform in the future. As 
shown in Table 6.1, the forecast of tractor demand for the U.S. is off 
(underestimated) only by 5.0 percent in 1978 and by 6.5 percent in 
1979. The harvesting machinery and all machinery demand estimates for 
1978 are missed by 9,7 and 17.6 percent. A larger forecast error is 
observed for the U.S. other machinery demand in 1978. A comparison of 
the actual and simulated values for tractor and other machinery for 1978 
and 1979 years demand is made in Table 6.2. 
Similar to the national, the regional other machinery demand 
forecast embodies larger errors. For the year 1978, its error is esti­
mated to range from 22.3 percent to 31.8 percent. However, the forecast 
errors in the regional tractor demand for both years are much lower, as 
low as .8 percent. Only in few regions the tractor demand error is over 
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Table 6.1. Comparison of actual and simulated investments in millions 
of constant dollars, in different farm machinery at the 
national level, 1978-79 
Tractors 
1978 
Tractors 
1979 
Harvesting 
machinery 
1978 
Other 
machinery 
1978 
All 
machinery 
1978 
Actual 
Simulated 
1262.31 
1199.25 
1332.99 
1245.95 
612.83 
553.59 
2140.25 
1555.09 
4015.39 
3307.93 
Error -5.0% -6.5% -9.7% -27.3% -17.6% 
Table 6.2. Comparison of the actual and simulated investments in 
millions of constant dollars in regional tractors and 
other machinery, 1978-79 
Re­
gion 
Tractors 
1978 1979 
Other machinery 
1978 
Actual Simu­lated 
Error 
% «"-1 uul '"T 'ctu., 
NE 100.98 93.04 - 7. 9 106.64 95.88 -10.1 160.52 120.68 -24.8 
LS 185.56 175.61 - 5. 4 195.95 210.55 7.5 278.23 194.37 -30.1 
CB 320.63 311.43 - 2. 9 339.91 303.67 -10.7 515.80 386.09 -25.2 
NP 165.36 159.60 - 3. 5 174.62 157.91 - 9.6 280.37 200.01 -28.7 
AP 127.49 109.55 -14. 1 134.63 115.16 -14.5 190.48 130.41 -31.5 
SE 64.38 63.05 - 2. 1 67.98 66.68 - 1.9 126.28 86.07 -31.8 
DS 56.80 54.90 - 3. 3 59.99 58.93 - 1.8 128.42 99.81 -22.3 
SP 92.15 95.82 4. 0 97.31 96.49 .8 179.78 132.53 -26.3 
MT 73.21 67.01 - 8- 5 77.31 73.31 - 5.1 139.98 100.27 -28.4 
PA 74.48 69.25 - 7. 0 78.65 67.37 -14.3 145.54 104.86 -27.9 
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10 percent. 
While the simulation error over the historical period is high due 
to certain data problems, the forecasting errors for 1978 and 1979 
observed are reasonably low. Assuming the model will perform at least 
as good as these two years, it is simulated under the base run assump­
tions. The model is also simulated for six more policy alternatives. 
The results of these simulations are presented in the next chapter. 
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CHAPTER VII. MACHINERY INVESTMENT PROJECTIONS 
AND POLICY SIMULATIONS 
The future structure of American agriculture in general and agricul­
tural mechanization in particular is of great importance to farmers, 
consumers, policy makers, rural inhabitants, and farm machinery pro­
ducers. A great many issues of resource productivity, employment, 
domestic price conditions, nation's exports of agricultural and related 
products are hinging upon the outcome of future farm mechanization. 
Therefore, these groups are always interested in the scientific fore­
casting of machinery purchases on farms. Furthermore, policy makers 
would like to direct the future progress in this field towards achiev­
ing certain policy goals set forth in the national interest. Thus, 
forecasting of farm machinery investment in different regions of the 
U.S. under alternative scenarios of important policy issues may provide 
useful economic information for policy-making. It is also of great 
importance to farm machinery companies in planning their future regional 
economic activities involving production, distribution and sales. 
The regional econometric model developed and described in the pre­
ceding chapter is then translated into a computer language (PLl) to 
make the computer simulations.^ Considering the short or intermediate 
Hhe computer program is not included in this manuscript due to its 
large size. However, the program and other background material, in­
cluding the historical and projected data used, are available at the 
Center for Agricultural and Rural Development (CARD), Iowa State Uni­
versity, Ames, Iowa. 
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term nature of the model, it is simulated for the 1981-90 period. 
Apart from the base run, six more simulations are carried out to evalu­
ate the impact of three different sets of policies. The exogenous vari­
able projections and assumptions, results, and brief implications of all 
seven simulations are presented in the following sections of this 
chapter. Finally, the limitations of the model are pointed out and a 
note on scope for further research is provided. 
Base Run—Simulation 1 
The first simulation is a base run. It is also referred to as 
Simulation 1. Simulation 1 provides predicted regional annual invest­
ment demand for tractors and other machinery; and national demand for 
tractors, harvesting machinery, other machinery, and all machinery for 
the future decade of 1981-90. These are 24 target variables; the pre­
diction of each is of primary importance to this study. During the 
simulation process, the future values of all the endogenous variables 
are obtained. However, the endogenous variables which are intermediate 
in estimating the ultimate machinery demands are not presented here. 
Those intermediate endogenous variables are examined carefully and their 
simulated values are judged "realistic." 
Simulation 1 is used as a common point of departure for evaluating 
and comparing the other six policy simulations. The results of the base 
run are assumed to be the most likely future outcome of the U.S. farm 
machinery demand. Machinery investment Simulations 2-7 under alternative 
policies are provided partly to evaluate the sensitivity of the future 
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investments with respect to the important economic variables and partly 
to obtain the investment forecast if any of the alternative policies 
do get enacted in the near future. The relative impacts of different 
policy alternatives are evaluated by comparing the policy simulations 
to the base run simulation. 
The assumptions associated with the base run are especially im­
portant and are therefore dealt with in great detail. Most of the assump­
tions of Simulations 2-7 remain similar to that of Simulation 1, except 
the crucial assumption about the underlying policy variable. The base 
run investment predictions were initially obtained for the period of 
1978-90. The period of 1978-80 provides an ex post forecast. The 
actual values of different machinery demand for the years 1978 and 1979 
are available (by derivation). Simulated values of these two years are 
compared with the actual values in the model validation section of the 
preceding chapter. The simulated values for the 1981-90 period are 
called ex ante forecast and are presented here. This forecast under 
Simulation 1 is obtained by setting the values of all the exogenous 
variables used in the model equal to their most likely levels for 1981-90 
period. 
Projected levels of exogenous variables 
Estimating or anticipating the future values of exogenous variables 
is one of the most crucial aspects of accurate forecasting. The entire 
model may be specified with the right variables and estimated with the 
most appropriate techniques, but poor judgment about the future values 
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of exogenous variables would make the forecast unrealistic or unaccept­
able. Future values of exogenous variables, however, can never be 
predicted with certainty. Various ways of projecting the exogenous 
variables used in the model are employed here. These generally include 
the use of time trend and other forms of the time variable such as 
logarithm, square root or inverse of time; and "educated guess"; and 
judgmental help from other economists and experts in the field. Esti­
mation and projection of the exogenous variables are discussed in the 
following subsections. 
Price, cost and output variables There are 16 price variables 
from the agricultural sector that are exogenous to the model. The 
support price index for cotton is used in the net farm income in the 
Delta States region. A graph of historical values (1950-77) of this 
variable indicates a decline in values at a declining rate. Therefore, 
a negative coefficient of the square root of time variable is highly 
p 
significant. Also, the R is .92. This equation and all the other 
equations that are used to estimate future values of exogenous variables 
are reported in Appendix C. 
The support price index based on federally supported crops in each 
region is anticipated to equal its 1975-77 average level. All of these 
indices, including the U.S. support price index, are historically 
declining at a declining rate and more or less assymptotic to the 
1975-77 average level. Therefore, they are expected to remain constant 
at that level. 
Exogenous land prices are used only in the models of LS, NP, SE 
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and SP regions. Most of these prices have an increasing trend over the 
historical period of 1948-77. The square root or inverse of time vari­
able is highly significant and is used in the prediction of these vari­
ables. 
Annual production costs in real dollars (1967 base year) for the 
period of 1981-90 are estimated by the square root of time variable. The 
variability explained varies from 75 to 94 percent. All of these varia­
bles show a positive trend and are estimated using 1948-1977 data or 1949-
77 depending on the "fit" of the equation. The index of real agricultural 
output is exogenously used for all the submodels. It is anticipated that 
the index of the aggregate output for the decade of the '80s will follow 
its historical trend. For certain regions a trend based only on the 
more recent part of the series is found more appropriate. This has been 
decided after many experimental simulation runs. 
Acreage diversions and farm numbers Acreage withheld from pro­
duction under all government programs in each region labeled here as 
"acreage diversions" is used in regional cropland acreage equation. 
These variables are included in the model with the intent of potential 
use of the model to evaluate the impact of programs such as the soil 
bank reserve, set aside etc. The acreage diversion program was inactive 
during 1977. For the comparison of the 1978-79 forecast with actual 
values, the actual values of acreage diversions were used in the simula­
tion. For the 1981-90 simulation period, all the acreage diversions 
are set to zero. 
Even though the numbers of farms in all the regions of the U.S. show 
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a declining trend over the long run period of 1948-77, they are fairly 
constant over the last decade. Over the period of 1981-90, the farm 
numbers may vary slightly, but for the lack of better information, they 
are assumed to take values equal to the average of their last ten year 
values. 
General economic variables The economic indicators, iron and 
steel price index, fuel and oil price index, and industrial workers' 
wage index are variables that link the investment in farm machinery to 
the general economy or industrial sector. All of these variables are 
extremely difficult to predict. Observing their historical behavior, 
they are expressed as a function of some form of the time variable and 
are estimated based on the selective periods between 1948-77. The 
indices of coincident indicators and lagging indicators are estimated 
as the functions of time and square root of time, respectively, based 
on the 1948-77 period. The index of leading indicators is estimated 
using only 25 years starting from 1953. The index of real prices of 
iron and steel is projected simply using time trend based on 1948-77 
annual data. The intercept of this equation is adjusted in order to 
match the 1977 predicted value to the actual value. 
The index of the real price of fuel and oil does not have any signif­
icant trend over the long run period of 1948-77. However, the fuel and 
oil prices for the next decade, the 1980s, is expected to follow a more 
recent year trend. The projections are made using a trend equation 
based on the 1963-77 period. The intercept here is adjusted to match 
the 1978 prediction to the average of 1973-77. The projected levels of 
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the index of real price of fuel and oil are presented in Table C.l in 
Appendix C. The increase in nominal fuel and oil price is assumed to 
be slightly higher than the inflation rate. The resulting increase in 
the real price of fuel and oil in the ten years from 1981, on the 
average, is estimated to be .26 percent per annum. Finally, the nominal 
wage rate of industrial workers is assumed to grow with the rate of 
inflation, keeping the real wage rate constant. 
Other exogenous variables Exports of the agricultural products 
is one of the important exogenous variables. The recent year exports 
are more relevant for future projections than for the entire 30-year 
period. Therefore, the index of real value of exports is projected for 
the simulation period of 1981-90 based on the exports for the 1963-77 
period. The exports of agricultural products, in constant dollars, are 
expected to grow at the rate of 3.75 percent annually over the period 
of 1981-90. The projected export levels are presented in Table C.l in 
Appendix C. The labor supply to agriculture in the 1980s is predicted 
using the square root of time variable indicating an asymptotically 
declining rate. 
The variables such as debt-asset ratio, the value of harvesting 
machinery stock on farms for the U.S., and the value of tractor stocks 
in the NP region are extrapolated into the future using a simple time 
trend of 29 or 30 years. The value of the other machinery stock in the 
AP region is best predicted by the log of time variable. All the 
exogenous variable equations are provided in Appendix C. 
The values of all the exogenous variables are supplied to the model 
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as an input. The lagged values of essential endogenous and exogenous 
variables are also fed into the program prior to the computation of 
the model. 
Results of Simulation }_ 
The results of Simulation 1 are discussed only with reference to 
the target variables in this subsection. The regional investments in 
tractors and other machinery, and the national investments in tractors, 
harvesting machinery, other machinery and all machinery simulated for 
the period of 1981-90 are presented in Table 7.1. The total percentage 
changes between 1981 and 1990 are also reported for each region and for 
the U.S. in the last column of the table. 
Machinery investments for the historical period have shown wide 
fluctuations caused partly due to the stochastic elements involved. 
These elements include weather, domestic government policies, foreign 
government policies, economic uncertainties, tastes and preferences, 
etc. Random events which occurred in the past, such as the jump in net 
farm income in 1973 due to large-scale purchase of U.S. grain by the 
Soviety Union or the Arab oil embargo on the U.S. which caused higher 
energy prices and higher machinery prices, have caused shifts in machin­
ery demand. Unlike the historical demand, the simulated machinery 
demand is fairly smooth because the exogenous variables are projected 
with a smooth time path or set equal to constants. Therefore, the 
estimated investment changes may not be strictly comparable to the his­
torical investment changes. 
Table 7.1. Estimated regional and national farm machinery investments in millions of constant 
(1967) dollars for Simulation 1 with percentage changes in 1990 from 1981 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
change 
-Tractors-
NE® 103.10 106.08 108.53 110.75 112.83 114.80 116.68 118.51 120.27 121.99 18.32 
LS 216.85 219.82 222.78 226.27 229.45 233.00 236.23 239.08 242.40 245.36 13.15 
CB 308.81 314.77 318.66 323.12 326.89 330.74 334.37 338.02 341.58 345.14 11.77 
NP 158.36 160.41 162.68 165.16 167.51 169.79 172.02 174.16 176.21 178.16 12.50 
AP 124.24 127.52 130.29 132.77 135.05 137.23 139.33 141.35 143.31 145.26 16.92 
SE 71.75 73.40 75.09 76.72 78.31 79.85 81.35 82.80 84.22 85.60 19.30 
DS 63.03 63.57 63.74 63.72 63.61 63.45 63.26 63.05 62.83 62.61 -0.67 
SP 94.74 96.33 98.11 99.76 101.43 103.15 104.77 106.39 107.99 109.56 15.64 
MT 76.15 76.71 77.44 78.29 79.20 80.04 80.83 81.66 82.47 83.22 9.28 
PA 71.09 71.41 72.02 72.62 73.19 73.76 74.33 74.87 75.40 75.93 6.81 
US 1288.13 1310.02 1329.33 1349.19 1367.47 1385.81 1403.17 1419.88 1436.68 1452.84 12.79 
Other machinery 
NE 128.49 128.92 128.57 127.89 127.04 126.09 125.09 124.03 122.92 121.77 -5.23 
LS 226.83 230.82 234.71 238.71 242.52 246.39 250.14 253.53 257.04 260.38 14.79 
CB 412.97 415.06 414.16 412.52 409.85 406.85 403.57 400.07 396.39 392.61 -4.93 
NP 228.76 230.67 233.54 236.07 238.40 240.55 242.70 244.71 246.62 248.26 8.52 
AP 149.06 153.90 157.90 161.41 164.58 167.56 170.42 173.13 175.74 178.30 19.62 
SE 97.08 99.42 101.81 104.13 106.35 108.46 110.48 112.40 114.25 116.02 19.51 
DS 113.65 114.81 115.25 115.23 114.93 114.47 113.91 113.28 112.60 111.89 -1.55 
SP 132.16 132.30 132.67 132.88 133.10 133.74 133.58 133.75 133.89 133.99 1.39 
MT 110.65 110.70 110.74 110.94 111.20 111.47 111.58 111.75 111.97 112.02 1.24 
PA 108.74 109.16 109.93 110.67 111.36 112.03 112.70 113.32 113.91 114.49 5.29 
US 1708.39 1725.76 1739.29 1750.44 1759.34 1767.63 1774.17 1779.97 1785.32 1789.74 4.76 
^Definitions of the USDA production regions are given in Figure 1.2 in Chapter I. 
Table 7.1. (Continued) 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 ^^ange 
Harvesting machinery 
US 546.83 551.62 559.38 566.79 574.28 581.40 588.22 594.74 601.07 606.91 10.99 
All machinery 
US 3543.35 3587.40 3628.00 3666.41 3701.09 3734.84 3765.56 3794.59 3823.07 3849.49 8.64 
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Tractor investments The U.S. tractor investment in the begin­
ning of decade of the 1980s is estimated at $1.29 billion in 1967 con­
stant dollars. By the end of the decade, this investment is expected 
to reach $1.45 billion, i.e. an increase of 12.79 percent in ten years 
or 1.28 percent per annum on the average. More specifically, the U.S. 
tractor demand or investment is expected to increase at a decreasing 
rate. The annual rate of growth would decline from 1.70 percent in 
1982 to 1.13 percent in 1990. The tractor investments in all regions 
except one are estimated to increase smoothly, but with varying growth 
rates. The Delta states region investment series is estimated to in­
crease from $63.03 million in 1981 to $63.74 million in 1983 and decline 
slowly thereon. This may occur due to a dominating positive impact 
of the growing net farm income and prices during the first few years. 
However, the negative effects of the growing farm size may dominate 
eventually resulting in the decline of the investments. The total 
decline by the year 1990 is calculated to be very small, i.e. .67 per­
cent from the 1981 level. The highest growth of 19.30 percent, on the 
other hand, is anticipated for the SE region. It is interesting to note 
that the eastern half of the U.S. which includes SE, NE, AP, SP and LS 
are estimated to experience tractor investment growth rates higher than 
the national growth rate. The western regions (with the exception of 
OS) including NP, CB, MT and PA are estimated to invest in new tractors 
increasingly but at the annual rates less than the U.S. rate. 
In general, the direction of the increasing investment growth rate 
for new tractors is from west to east. This could partly be explained 
1 5 0  
as follows. The base run simulation is made under the assumption that 
the export of agricultural products increases in the future based on 
the recent 15-year trend. This estimates increasing levels of crop 
prices and net farm incomes. The eastern regions, in general, have 
higher tractor demand elasticities with respect to these two variables 
(Pq and Yg) than the western regions. Thus, the higher elasticities 
result into the higher annual growth rates in the tractor investments 
in the eastern regions. Also, similar to the national investment case, 
in general, the regional annual tractor investments are predicted to 
increase at decreasing rates. 
Other machinery investments Predictions of investments in other 
machinery for the period of 1981-90 are also presented in Table 7.1. 
The other machinery purchase in 1981 at the national level is estimated 
slightly higher than the tractor purchases. These purchases are likely to 
increase from $1708.39 million in 1981 to $1789.74 million in 1990 in real 
dollar value. On the average, this is a total increase of 4.76 percent 
which is almost three times lower than the tractor demand increase rate, 
for the ten-year period. Similar to the tractor demand case, the annual 
rate of investment growth is expected to decline from 1.02 percent in 
1982 (from 1981) to ,25 percent in 1990 (from 1989). 
The average annual regional investment rates for other machinery over 
the ten-year period vary from -.52 percent in the NE region to 1.96 per­
cent in the AP region. The growth rates above the national average 
(i.e. .48 percent per annum) are calculated for the AP, SE, LS, NP, and 
PA regions; and below the national average for the SP, MT, DS, CB and 
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NE regions. The regions DS, CB and NE are expected to experience a 
negative rate of other machinery purchases, in real terms, by the end 
of 1990. Nominal values, however, would depend on the rate of infla­
tion or increases in the deflator index used. The simulated investment 
values for the other machinery do not exhibit smooth increases in most 
regions like the investment values for the tractors do. The other 
machinery investment series may change the direction (mainly decline 
after a continuous increase) after 1982 for the NE and CB regions, 
after 1983 for DS regions, and after 1986 for SP region. 
The lowest investment in other machinery in 1981 is simulated for 
the SE region. However, by the end of 1989 it exceeds the investment 
level for the DS region which is simulated as the lowest one. 
No general pattern among the regions based on the investment growth 
rates in the case of other machinery is found, unlike the case of 
tractor investments. 
Harvesting machinery and total machinery investments The harvest­
ing machinery investments are estimated only at the national level. 
Traditionally, these investments have been much lower than the tractor 
and other machinery investments. Their future values are also estimated 
to be lower than any other type of machinery. The relative share of 
harvesting machinery investment in the total machinery investment may 
increase slightly from 15 percent in 1981 to 16 percent in 1990. 
An increase of $60.08 million (constant dollars) in the ten years 
from the $546.83 million (constant dollars) harvesting machinery invest­
ment level of 1981 is estimated in the model. On the average, this is 
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a 1.10 percent annual increase, which is lower than the tractor invest­
ment increase but higher than the other machinery investment Increase. 
The marginal rate of investment in harvesting machinery is estimated to 
be positive but declining. 
The investment in all machinery is obtained by summing the invest­
ments in tractor, harvesting machinery and other machinery. In round 
figures, the total farm machinery investments are projected to grow 
from $3.54 billion in 1981 to $3.85 billion in 1990. These investments 
are in constant dollar values. Therefore, with positive inflation rates, 
investments in the nominal dollar value will be much higher. The 
average annual growth rate predicted here is .86 percent. Similar to 
all its components the total investments also show a positive but declin­
ing rate of marginal investment. 
To summarize the results of the base run simulation and other simula­
tions, important points are highlighted in the next chapter. 
Results of Energy Price Policy Simulations 
The major source of energy used on farms comes from fuel and oil. 
The fuel and oil are used to operate different machinery and equipment 
to perform farm operations such as plowing, discing, planting, spread­
ing fertilizers, spraying pesticides and herbicides, irrigating, harvest­
ing, drying, etc. The cost of fuel oil reflects in the cost of operating 
and maintaining the farm machinery. Hence, the prices of fuel and oil 
are likely to affect the future demand for machinery. Though there are 
other forms of energy used on farms, the real price of fuel and oil is 
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used as a proxy for energy prices. 
The real prices of energy in the past, except the recent years, 
have been generally steady. They may not have had significant effects 
on different types of machinery. However, they are expected to play a 
major role in the agricultural mechanization in most nations. The 
U.S. is the case being analyzed in this study. Two alternative poten­
tial energy price scenarios are analyzed in the next two simulations. 
Simulation 2 
Simulation 2 assumes the same projected levels of all the exogenous 
variables, except the price of fuel and oil (PQ), as in the case of 
Simulation 1. It is assumed here that the Pq increases with twice the 
rate observed in Simulation 1. The slope coefficient associated with 
the time variable in Simulation 1 is doubled. The intercept is unchanged. 
In other words, it is assumed, as a policy, that the level of Pq in­
creases in 1990 from 1981 (total) by 4.71 percent and not by 2.58 per­
cent as in the case of the base run. The level of Pq in 1990 for Simu­
lation 2 is higher by 12,05 percent from the same year level for Simula­
tion 1. These values are reported in Table C.l of Appendix C. 
The estimated farm machinery investments in real terms with the 
policy of increased prices of fuel and oil for agriculture are presented 
in Table 7.2. 
It is estimated that the policy of doubling the trend of fuel and 
oil prices would decline the U.S. tractor investments by $61.55 million 
in 1981 and by $78,99 million in 1990 from the base run investments in 
Table 7.2. Estimated regional and national farm machinery investments in millions of constant 
(1967) dollars for Simulation 2 with percentage changes for 1990 from Simulation 1 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 % change 
-Tractors-
NE° 100.60 103.58 105.96 108.21 110.28 112.24 114.12 115.93 117.68 119.39 - 2.13 
LS 215.18 218.12 220.98 224.51 227.65 231.18 234.37 237.17 240.46 243.39 - 0.80 
CB 286.19 290.89 293.40 297.28 300.41 303.61 306.57 309.54 312.43 315.32 - 8.64 
NP 157.73 159.79 162.05 164.54 166.89 169.19 171.41 173.56 175.61 177.57 - 0.33 
AP 117.82 120.93 123.38 125.81 127.95 129.97 131.89 133.73 135.51 137.29 - 5.49 
SE 63.79 65.36 66.64 68.43 69.83 71.18 72.46 73.69 74.89 76.05 -11.16 
DS 49.89 49.35 48.48 47.88 47.25 46.59 45.92 45.25 44.57 43.89 -29.90 
SP 93.57 95.15 96.89 98.55 100.22 101.93 103.55 105.17 106.76 108.32 - 1.13 
MT 75.80 76.35 77.06 77.92 78.84 79.68 80.47 81.30 82.11 82.86 - 0.43 
PA 66.01 66.22 66.53 68.18 67.64 68.08 68.52 68.94 69.35 69.76 - 8.13 
US 1226.58 1245.72 1261.37 1280.32 1296.96 1313.65 1329.28 1344.28 1359.39 1373.85 - 5.44 
-Other machinery-
87.70 86.74 85.09 83.16 81.09 78.93 76.71 74.44 -38.86 
207.20 211.49 214.64 217.85 220.89 223.58 226.40 229.03 -12.04 
205.59 198.71 190.49 181.78 172.61 163.23 153.67 144.01 -63.32 
156.35 157.98 158.61 158.83 158.92 158.89 158.76 158.36 -36.21 
127.07 130.38 132.92 135.15 137.19 139.09 140.89 142,64 -20.00 
81.63 84.35 86.14 87.78 89.27 90.67 91.99 93.22 -19.65 
57.91 55.71 53.43 51.11 48.75 46.36 43.96 41.53 -62.88 
100.65 101.01 100.43 100.25 99.26 98.61 97.93 97.22 -27.44 
96.57 96.87 96.78 96.70 96.42 96.23 96.08 95.76 -14.52 
84.67 84.51 83.86 84.80 84.86 84.88 84.88 84.84 84.78 84.71 -26.01 
US 1224.04 1220.10 1204.52 1208.04 1203.39 1197.49 1189.27 1180.43 1171.16 1160.92 -35.14 
NE 90.42 89.90 
LS 201.30 204.78 
CB 226.83 218.15 
NP 157.77 157.29 
AP 120.46 124.54 
SE 78.07 80.25 
DS 64.28 61.36 
SP 102.69 102.04 
MT 97.55 97.30 
PA 
^Definitions of the USDA production regions are given in Figure 1.2 in Chapter I. 
Table 7.2. (Continued) 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 ^hLge 
-Harvesting machinery-
US 507.17 511.23 517.31 524.89 531.95 538.50 544.72 550.68 556.45 561.76 - 7.44 
All machinery 
US 2957.79 2977.05 2983.21 3013.26 3032.30 3049.64 3063.27 3075.39 3087.00 3096.53 -19.56 
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the corresponding years. This investment level of 1990 is lower by 5.44 
percent than what it would be in the absence of this policy. The tractor 
investment "sensitivity coefficient" can be calculated as the ratio of per­
centage change in the investments to the percentage chanqe in for the 
corresponding year.^ This coefficient is .49 in 1981 and .45 in 1990; 
in general, its value is declining, indicating a reduced sensitivity 
of the investments to the energy prices as we go farther in the future. 
Due to the increased energy prices, the tractor investments in all 
the regions are expected to be reduced but at varying degrees. For the 
12.05 percent increase in PQ, the DS region may experience the maximum 
decline of 29.90 percent and the MT region a minimum decline of .43 per­
cent in the tractor investments in 1990 compared to the same year under 
the base run simulation. Regions DS, SE, CB, PA and AP are estimated 
to experience the tractor investment reductions in 1990 deeper than the 
national rate. The remaining five regions are likely to have reductions 
at less than the national rate. In spite of this energy price increase, 
the tractor demand in all regions except the DS is expected to Increase 
gradually. 
It appears that the reductions in the other machinery investments 
are estimated to be much larger than the reductions in the tractor invest­
ments. With the Pq index higher by 12.05 percent in 1990, the decrease 
in the other machinery investments in that year is estimated to vary from 
^The "sensitivity coefficient" is similar to elasticity coefficient 
and is only a rough estimate. Its calculated values are used only In 
the text and are not presented in any table. 
1 5 7  
12.04 percent in the LS region to 63.32 percent in the CB region. The 
reduction in the other machinery demand at the national level in 1990 
(from the same year investment under the base run) is estimated to be 
35.14 percent which is nearly seven times greater than the tractor demand 
reduction. The regions of CB, DS, NE and NP show higher reductions 
in the simulated investments than the regions of SP, PA, AP, SE, MT 
and LS. No definite pattern indicating east-west or any other differ­
ences is observed in the simulated investment reductions. As a result 
of the increased prices of fuel and oil, the other machinery demand 
over the period of 1981-90 is estimated to decrease slowly in the NE, 
CB, DS and SP regions but increase in the LS, AP and SE regions. The 
NP, MT and PA regions' forecasted investments do not show a continuous 
trend of either type but exhibit fluctuations and peaks. The same is 
also true in the case of the future demand for U.S. other machinery. 
The harvesting machinery investment is estimated to increase by 
$54.59 million in constant (1967) dollars over the period of 1981-90 
as against $60.08 million in the case of the base run over the same 
period. The 1990 investment value here, with the assumption of increased 
Pq, is predicted to be lower by 7.44 percent, which is slightly higher 
than the tractor investment reduction and almost five times lower than 
the other machinery investment reduction. 
Other machinery represents the major part of the total investments 
on farm machinery. Therefore, its large reductions are reflected more 
in the total investments than the low reductions of tractor investments. 
In 1990, using Simulation 2 the total farm machinery purchase would 
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amount to only $3.10 billion instead of $3.85 billion as estimated using 
Simulation 1, i.e. a reduction of 19.56 percent. 
Simulation 3 
The second alternative energy policy is maintaining the current 
level of fuel and oil price in real terms. This way the nominal prices 
still grow with the rate of inflation. The Pq index is held constant 
at the average of 1974-77 (i.e., 110.167). The potential impacts of 
such an alternative against the trend growth in the base run are 
analyzed in this subsection. 
First of all, it is evident from the simulated machinery demand or 
investment for the period of 1981-90 that holding Pq constant does in 
fact increase the demand for all types of machinery in all regions (Table 
7.3), A reduction of the Pq index from 114.0 to 110.167 in 1990 is 
expected to increase the U.S. tractor investments by $21.24 million con­
stant dollars. In other words, a decline of Pq by 3.48 percent at the 
end of 1990 is likely to increase the tractor demand by 1.46 percent. 
This would estimate a sensitivity coefficient of the tractor investments 
in the U.S. with respect to PQ, .42. The same coefficient value is 
obtained for the year 1981. This indicates that the sensitivity of the 
U.S. tractor investment may remain the same throughout the period 
because most of the other exogenous variables have similar effects dur­
ing both the simulations. The 1990 tractor investment is estimated to 
be up by 1.46 percent from the base run simulation. Similar to the re­
sults of Simulation 2, the lowest increase (.01 percent) in tractor 
Table 7.3. Estimated regional and national farm machinery investments in millions of constant 
(1967) dollars for Simulation 3 with percentage changes for 1990 from Simulation 1 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 % change 
-Tractors-
NE® 103.30 106.35 108.87 111.14 113.28 115.31 117.25 119.12 120.94 122.70 .58 
LS 217.00 220.01 223.02 226.56 229.79 233.38 236.65 239.55 242.90 245.91 .22 
CB 310.37 317.01 321.59 326.76 331.24 335.79 340.12 344.46 348.72 352.98 2.27 
NP 158.41 160.48 162.76 165.26 167.61 169.92 172.15 174.30 176.36 178.33 .01 
AP 124.76 128.23 131.19 133.86 136.33 138.69 140.97 143.18 145.33 147.47 1.52 
SE 72.53 74.41 76.34 78.20 80.02 81.79 83.51 85.18 86.83 88.44 3.32 
DS 63.88 64.81 65.40 65.82 66.14 66.42 66.68 66.92 67.15 67.37 7.60 
SP 94.83 96.46 98.26 99.95 101.64 103.39 105.04 106.68 108.30 109.89 .30 
MT 76.18 76.74 77.48 78.34 79.26 80.11 80.90 81.75 82.55 83.32 .12 
PA 71.55 72.02 72.77 73.51 74.23 74.94 75.64 76.33 77.00 77.67 2.29 
US 1292.81 1316.53 1337.69 1359.40 1379.54 1399.74 1418.91 1437.46 1456.09 1474.08 1.46 
-Other machinery-
NE 131.56 133.14 133.93 134.38 134.66 134.84 134.95 135.00 135.01 134.99 10.86 
LS 229.17 233.90 238.54 243.27 247.81 252.42 256.86 260.98 265.21 269.28 3.42 
CB 425.86 433.55 438.42 442.63 445.85 448.75 451.28 453.65 455.87 458.00 16.66 
NP 234.29 238.30 243.28 247.93 252.37 256.63 260.83 264.93 268.94 272.68 9.84 
AP 151.38 157.06 161.92 166.26 170.28 174.10 177.77 181.31 184.75 188.15 5.52 
SE 98.94 101.86 104.80 107.67 110.44 113.10 115.64 118.11 120.50 122.82 5.86 
DS 116.82 119.48 121.49 123.10 124.46 125.66 126.77 127.81 128.82 129.79 16.00 
SP 134.78 135.79 137.01 138.08 139.16 140.65 141.32 142.34 143.33 144.28 7.68 
MT 111.83 112.27 112.70 113.27 113.91 114.57 115.03 115.58 116.19 116.61 4.10 
PA 110.91 112.03 113.50 114.94 116.33 117.68 119.02 120.33 121.60 122.87 7.32 
US 1745.53 1777.37 1805.59 1831.53 1855.27 1878.40 1899.48 1920.05 1940.22 1959.47 11.68 
^Definitions of the USDA production regions given in Figure 1.2 in Chapter I. 
Table 7.3. (Continued) 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 ^hLge 
Harvesting machinery 
US 550.07 555.98 564.84 573.32 581.86 590.00 597.78 605.27 612.54 619.30 2.04 
All machinery 
US 3588.42 3649.88 3708.12 3764.24 3816.66 3868.14 3916.17 3962.77 4008.85 4052.85 5.28 
1 6 1  
investments in 1990 (from the base run value in 1990) is expected to be 
in the NP region and the highest increase (7.60 percent) in the DS 
region. Also, the same five regions (DS, SE, PA, CB, and AP) are 
expected to have a more than average (national) rate of increase. The 
remaining five regions are expected to show only a modest increase in 
the tractor purchases under a fixed fuel and oil price situation. 
National other machinery purchases in 1990 are likely to increase 
by $169.73 million or by 11.68 percent from the base run, if the Pq is 
held constant. Again, the results of Simulation 3 are very similar to 
that of Simulation 2 in that the other machinery investments are likely 
to be affected more than the tractor investments. The minimum increase 
in the 1990 value of the other machinery investment is calculated for 
the LS region (3.42 percent) and the maximum increase for the CB region. 
The price of fuel and oil holding constant means a reduction of 
3.48 percent in 1990 from the base run. This situation is estimated 
to increase the U.S. harvesting machinery investments by 2.04 percent 
for the last year of the simulation. This rate is much lower than the 
other machinery investments increase but slightly higher than the tractor 
investments, both at the national level. The total farm machinery 
investment which is the sum of investments in tractors, harvesting 
machinery and other machinery is estimated to be $4.05 billion in 1990 
under the policy of constant real fuel and oil prices. 
The above two sections describe the results of Simulations 2 and 3 
which include the effects of energy price policies. In general, the 
tractor investments are estimated to have the least effects and the 
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other machinery investments to have most effects of the energy policies 
of constant and increasing prices. The investments in both types of 
machinery in the NP, MT, and LS are expected to have the least effects 
and the CB and DS to have most effects. 
Results of Price Support Policy Simulations 
In the past, crops such as barley, corn, cotton, oats, grain sorghum, 
< soybeans, wheat and tobacco have been under federal price support pro­
grams. The support prices help maintain the upward pressure on the 
market prices of these crops. The prices received by farmers for the 
crops and their net farm income in turn help determine the annual 
machinery purchases. Support prices, thus, play an important role in 
the farm mechanization process and are likely to continue in the near 
future. In order to estimate the magnitude of impact of support price 
policy changes on the future farm machinery investments in various 
regions, two alternative simulations are performed. Results of those 
simulations (4 and 5) are discussed here. 
Machinery analysis is on the regional basis; therefore, a support 
price index for each region is first calculated. The harvested acreage 
of the above crops in each region is used as weights to arrive at one 
index for each region. Then, two alternative sets of values are assumed 
to denote two different policy alternatives, which are included in Simu­
lations 4 and 5. 
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Simulation 4 
The present administration in the U.S. is contemplating abolishing 
the price support programs. If such a policy is enacted, what effects 
would it have on the future mechanization process? Different groups 
such as the machinery companies, farmers and the policy makers would 
be interested in knowing the extent of the effect of this policy. An 
attempt has been made in this study to analyze the effects of this 
policy using the farm machinery model discussed in Chapter VI. This 
run of the model is called Simulation 4. The results of it are com­
pared to the base run (Simulation 1). 
The results of Simulation 4 are presented in Table 7.4. The table 
includes the simulated values of tractors, other machinery, harvesting 
machinery, and all machinery for the period of 1981-90 under the assump­
tion that all the price support variable values are set equal to zero. 
The last column of the table includes the percentage changes in 1990 
machinery investment values from their base run values of the same year. 
The estimate of the U.S. tractor investment in 1981 for Simulation 
4 is reduced by $23.41 million or by 1.82 percent from the base run value 
in the same year. Similarly, the 1982 tractor investment reduction is 
estimated at 1.75 percent below the base run 1982 level. This decline 
in reduction rates continues until 1990, where the reduction is esti­
mated to be the lowest, i.e. 1.29 percent. A similar declining reduc­
tion rates are observed in all of the regions. Furthermore, the per­
centage reduction estimates in 1990 of Simulation 4 from Simulation 1 
ranges from .01 percent in DS to 3.16 percent in SP. Four regions. 
Table 7.4. Estimated regional and national farm machinery investments in millions of constant 
(1967) dollars for Simulation 4 with percentage changes for 1990 from Simulation 1 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 change 
Tractors 
NE® 100.31 103.44 106.01 108.33 110.51 112.58 114.55 116.45 118.30 120.08 - 1.57 
LS 216.67 219.61 222.55 226.04 229.21 232.76 235.99 238.84 242.15 245.12 - .51 
CB 302.10 308.48 312.23 316.88 320.65 324.60 328.27 331.98 335.59 339.21 - 2.01 
NP 156.00 157.97 160.24 162.79 165.21 167.59 169.92 172.17 174.33 176.37 - 1.00 
AP 122.46 125.69 128.45 130.92 133.20 135.39 137.50 139.53 141.50 143.47 - 1.23 
SE 71.37 72.99 74.67 76.29 77.87 79.42 80.92 82.37 83.79 85.17 - .50 
DS 62.98 63.51 63.67 63.66 63.54 63.38 63.19 62.99 62.77 62.55 - .01 
SP 90.21 91.74 93.60 95.36 97.17 99.05 100.84 102.63 104.38 106.10 - 3.16 
MT 74.08 74.83 75.78 76.84 77.93 78.90 79.81 80.75 81.62 82.45 - .93 
PA 68.54 68.89 69.52 70.13 70.73 71.32 71.91 72.48 73.03 73.58 - 2.17 
US 1264.72 1287.14 1306.72 1327.24 1346.04 1364.99 1382.90 1400.17 1417.47 1434.10 - 1.29 
Other machinery 
NE 128.49 128.92 128.57 127.89 127.04 126.09 125.09 124.03 122.92 121.77 0.00 
LS 226.67 230.64 234.52 238.51 242.30 246.18 249.92 253.31 256.82 260.16 - 0.09 
CB 407.40 409.29 408.08 406.41 403.66 400.65 397.34 393.85 390.16 389.36 - 1.59 
NP 219.45 220.90 223.74 226.48 229.10 231.62 234.17 236.61 238.95 240.96 - 2.94 
AP 146.98 151.68 155.64 159.13 162.30 165.29 168.16 170.88 173.51 176.08 - 1.25 
SE 97.29 99.72 102.16 104.51 106.76 108.89 110.91 112.84 114.70 116.47 - .39 
DS 113.65 114.81 115.25 115.23 114.93 114.47 113.91 113.28 112.60 111.89 0.00 
SP 126.32 126.38 126.86 127.20 127.61 128.45 128.52 128.90 129.24 129.54 - 3.32 
MT 108.27 108.26 108.31 108.52 108.80 109.09 109.20 109.38 109.61 106.66 - 2.11 
PA 105.23 105.68 106.48 107.25 107.98 108.67 109.38 110.02 110.64 111.25 - 2.83 
US 1679.74 1696.28 1709.60 1721.12 1730.48 1739.40 1746.61 1753.10 1759.14 1764.16 - 1.43 
^Definitions of the USDA production regions are given in Figure 1.2 in Chapter I. 
Table 7.4, (Continued) 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 ^hLge 
Harvesting machinery 
US 538.80 543.63 551.34 558.73 566.20 573.31 580.11 586.63 592.95 598.78 -1.34 
All machinery 
US 3483.26 3527.06 3567.67 3607.10 3642.73 3677.71 3709.62 3739.90 3769.55 3797.04 -1.36 
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namely the NE, CB, SP, and PA, are estimated to experience a greater 
than average (U.S. percentage reductions) impact as a result of 
abolishing the support price program. The remaining six regions are 
expected to experience a less than average impact on their future 
tractor purchases. Thus, two major points that highlight the results 
can be listed as: 
(a) the policy of zero support prices is likely to have small effects 
on the future regional and national tractor investments (i.e. less 
than 3.16 percent by the year 1990); and 
(b) the zero values of support prices are predicted to have greater 
impacts during the early years than the later years of the analysis 
period of 1981-90. In fact, this impact is estimated to decline 
gradually as we travel into the future. 
Similar results are found in the case of other machinery investments. 
The total reduction in 1990, from the Simulation 1 corresponding year, 
in the U.S. other machinery purchases is simulated to be 1.43 percent, 
which is slightly higher than the U.S tractor purchases. The range of 
reduction in investment estimates for 1990 is .09 percent to 3.32 per­
cent excluding the NE and OS regions. In the case of the NE and DS 
regions, the crop prices are found highly insignificant in the other 
machinery equation so they are not included in the equation. Another 
possible linkage—Pj, Pg, Y^, and 0--is also broken in those regions 
because P^ is not found to affect Yg significantly in the Y^ equation. 
(Refer to NE and DS submodels in Chapter VI.) This, however, could be 
due to some estimation problems. 
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The index of U.S. support prices, in real terms, used in the base 
run is set to a constant value of .2239 (which is an average of 1975-
77). This value is reduced to zero in Simulation 4. As a result of 
this 100 percent decline in Pg, the U.S. harvesting machinery invest­
ment estimate declines only by 1.47 percent in 1981 and 1.34 percent 
in 1990. This annual percentage rate declines throughout the 1981-90 
period, even though the decline in absolute value increases from $7.99 
million in 1982 to $8.13 in 1990. On the average, abolishing the price 
support policy would decline the harvesting machinery investments by 
$8.88 million annually over 1981-90 period. 
Unlike harvesting machinery but similar to tractor and other 
machinery, the all machinery investments decline from the base run 
values not only in relative (percentage) but also in absolute terms over 
the simulation period (except 1981). The average annual reduction in the 
all machinery investment over the period of 1981-90 is calculated at 
$57.22 million for a reduction in the Pg index from .2239 to 0.0 (i.e. 
from the base run values). 
Simulation ^ 
The second alternative in the price support policy analyzed here is 
more in favor of farmers. It is assumed that the support prices are not 
reduced but increased with annual growth rates at which they were 
declining over the 1948-77 historical period. The exact equations by 
which the index of real support prices for ten regions and the U.S. are 
presented in Appendix C and the values are presented in Tables C.l and 
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C.2. The simulated values of the machinery investments for 1981-90 
are presented in Table 7.5. 
The increased level of price support is estimated to have positive 
effects on all types of machinery in all the regions. The real value 
of the Pg index for U.S. in 1990 is assumed to increase by 184 percent 
from the base run constant value of .2239. As a result of this less 
than doubled increase level of the US-Pg, the U.S. tractor investments 
in 1990 are expected to increase by $27.85 million above the base run 
level of $1.45 billion real dollars (i.e., an increase of 1.92 percent). 
It is observed from the U.S. tractor investment estimates for 1981-90 
that the annual increase in these estimates ranges from 1.88 percent in 
1982 to 1.57 percent in 1990. Therefore, it increases at a declining 
marginal rate of investment. The regional Pg index values are assumed 
to increase annually at the rates between 12.95 percent (MT region) to 
15.23 percent (DS region). The 1990 tractor investment values are esti­
mated here above the base run values of .13 percent in the DS region and 
4.73 percent in the PA region. The increases in other regions are ex­
pected to be between the above two extreme rates. 
The other machinery investments have fairly similar simulated 
effects. The 1990 U.S. other machinery level is higher than the base 
run 1990 level by 1.96 percent, a slightly higher rate than in the 
tractor investment case. Like tractors, the other machinery investments 
are also estimated to increase at decreasing rate even though the Pg 
is assumed to increase at a constant rate. 
The U.S. harvesting machinery demand during the first year of 
Table 7.5. Estimated regional and national farm machinery investments in millions of constant 
(1967) dollars for Simulation 5 with percentage changes for 1990 from Simulation 1 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 % 
change 
Tractors-
NE® 104.41 107.66 110.35 112.78 115.06 117.21 119.27 121.24 123.15 124.99 2.46 
LS 216.92 219.91 222.91 226.43 229.64 233.22 236.48 239.37 242.71 245.71 .14 
CB 311.76 318.53 323.23 328.49 333.05 337.67 342.06 346.45 350.75 355.03 2.87 
NP 159.13 161.40 163.86 166.51 169.02 171.44 173.78 176.02 178.15 180.18 1.13 
AP 124.82 128.35 131.37 134.08 136.60 139.02 141.35 143.60 145.79 147.97 1.87 
SE 71.89 73.59 75.34 77.03 78.67 80.27 81.83 83.34 84.81 86.24 .75 
OS 63.06 63.60 63.78 63.77 63.66 63.51 63.32 63.12 62.91 62.69 .13 
SP 96.40 98.44 100.62 102.67 104.67 106.69 108.57 110.41 112.20 113.94 4.00 
MI 76.84 77.54 78.43 79.40 80.37 81.25 82.05 82.88 83.68 84.42 1.11 
PA 72.09 72.72 73.63 74.53 75.40 76.25 77.10 77.92 78.72 79.52 4.73 
US 1297.32 1321.75 1343.53 1365.69 1386.15 1406.53 1425.81 1444.34 1462.87 1480.69 1.92 
Other machinery 
NE 128.49 128.92 128.57 127.89 127.04 126.09 125.09 124.03 122.92 121.77 0.00 
LS 226.88 230.90 234.82 238.84 242.68 246.58 250.36 253.78 257.32 260.69 .12 
CB 414.93 417.85 417.81 417.05 415.26 413.15 410.75 408.14 405.35 402.47 2.51 
NP 231.75 234.53 238.20 241.42 244.40 247.12 249.74 252.15 254.39 256.35 3.26 
AP 149.71 154.85 159.15 162.95 166.42 169.69 172.84 175.83 178.73 181.56 1.83 
SE 97.04 99.34 101.67 103.93 106.09 108.14 110.09 111.95 113.73 115.44 .50 
OS 113.65 114.81 115.25 115.23 114.93 114.47 113.91 113.28 112.60 111.89 0.00 
SP 134.30 135.03 135.92 136.63 137.29 138.30 138.48 138.94 139.33 139.65 4.22 
Ml 111.41 111.66 112.08 112.63 113.22 113.81 114.22 114.70 115.23 115.59 3.19 
PA 110.11 110.96 112.15 113.30 114.40 115.46 116.52 117.51 118.48 119.43 4.32 
US 1718.28 1738.83 1755.62 1769.87 1781.73 1792.82 1802.00 1810.32 1818.07 1824.82 1.96 
^Definitions of the USDA production regions are given in Figure 1.2 in Chapter I. 
Table 7,5, (Continued) 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 change 
Harvesting machinery 
US 550.75 556.66 .565,55 574.08 582.71 590.95 598.89 606.53 613.97 620.93 2.31 
All machinery 
US 3566.36 3617.24 3664.69 3709.65 3750.59 3790.30 3826.70 3861.18 3894.91 3926.44 2.00 
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simulation is expected to increase by $3.92 million from the correspond­
ing year of Simulation 1. This gap between simulated values of Simula­
tion 5 and Simulation 1 increases to a maximum of $14.02 million in 
constant 1967 dollars. Even though this gap in absolute value increases, 
the relative increase is at a declining rate. The total investments on 
all machinery are estimated at $3.93 billion constant dollars in 1990, 
which is 2 percent above the base run value. 
The effect of a change in support price of any one crop can be 
analyzed by making appropriate calculations to obtain a new set of 
values for regional Pg indices. The drawbacks of this procedure are 
discussed in the last section of this chapter. 
Results of Agricultural Export Policy Simulations 
Exports of agricultural products have been a very important aspect of 
U.S. agriculture. Historically it has been observed that whenever the 
exports of agricultural commodities were high, the domestic prices of 
those commodities were high and the net farm incomes were high. This 
in turn affected the investments in farm machinery. It is very likely 
that the future levels of these exports, decided either by a free inter­
national trade outcome or deliberate policy formulation, will affect the 
organization and intensity of agricultural mechanization in the near 
future. Therefore, in this study Simulations 6 and 7 are devoted to 
analyze the effects of two alternative export policies on farm machinery 
investments. 
172 
Simulation 6 
Keeping in view the recent international developments, particularly 
the improved trade relations with China, one might expect a boost in 
the export demand for U.S. agricultural products. Also, the policy 
makers may want to increase the U.S. exports systematically through long-
term agreements with the importing nations. The machinery investment 
model is simulated with an assumption that the constant (1967) dollar 
value of the U.S. agricultural export increases at a 5 percent annual 
rate up to 1990. This run of the model is labeled as Simulation 6 and 
the outcome of it is summarized in Table 7.6. The formula (equation) 
used to project the values of the export index (X) of real dollars is 
presented in Appendix C and the calculated values in Table C.l. 
The value of the export index is increased at the annual rate of 5 
percent from the average of the 1974-77 value (2.0464). However, in 
comparison with its base run values, it is increased by 1.58 percent in 
1981 to 3.43 percent in 1990. As a result, the U.S. tractor investments 
are estimated to be up by $1.71 million in 1981 to $6.08 million in 1990 
(with a continuously increasing rate in bewteen these two years), or by 
.13 percent in 1981 and .42 percent in 1990. Thus, the absolute as 
well as percentage increase in the U.S. tractor investments from the 
base run values is predicted to be on an upward trend. The sensitivity 
coefficient calculated as the percentage increase in the investment 
divided by the percentage increase in the real export level for each 
year increases from .08 in 1981 to .12 in 1990 (with a continuous in­
crease for in between the years). 
Table 7.6. Estimated regional and national farm machinery investments in millions of constant 
(1967) dollars for Simulation 6 with percentage changes for 1990 from Simulation 1 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 % 
change 
-Tractors-
NE® 103.77 106.87 109.43 111.74 113.91 115.96 117.93 119.82 121.65 123.43 1.18 
LS 216.94 219.93 222.92 226.45 229.66 233.24 236.51 239.39 242.73 245.73 .15 
CB 308.99 315.05 318.99 323.54 327.37 331.30 334.99 338.71 342.35 345.98 .24 
NP 158.61 160.72 163.04 165.58 167.98 170.33 172.61 174.80 176.91 178.92 .43 
AP 124.43 127.78 130.62 133.16 135.51 137.75 139.92 142.00 144.04 146.05 .54 
SE 71.76 73.41 75.12 76.75 78.34 79.88 81.39 82.84 84.26 85.64 .05 
OS 63.05 63.60 63.77 63.76 63.65 63.50 63.32 63.12 62.91 62.69 .13 
SP 94.74 96.34 98.12 99.77 101.44 103.16 104.79 106.41 108.01 109.58 .02 
MT 76.05 76.62 77.37 78.25 79.19 80.06 80.87 81.73 82.56 83.34 .14 
PA 71.50 71.96 72.70 73.43 74.14 74.84 75.54 76.22 76.89 77.56 2.15 
US 1289.84 1312.27 1332.07 1352.43 1371.19 1390.03 1407.86 1425.04 1442.30 1458.92 .42 
Other machinery 
NE 128.50 128.94 128.60 127.93 127.09 126.15 125.17 124.11 123.01 121.87 .08 
LS 226.97 231.00 234.94 238.99 242.84 246.76 250.56 253.99 257.55 260.94 .22 
CB 413.22 415.44 414.65 413.14 410.59 407.71 404.55 401.17 397.61 393.96 .34 
NP 229.21 231.24 234.24 236.90 239.36 241.65 243.92 246.06 248.10 249.87 .65 
AP 149.28 154.19 158.28 161.87 165.13 168.19 171.13 173.92 176.61 179.26 .54 
SE 97.06 99.40 101.78 104.09 106.30 108.41 110.42 112.33 114.18 115.94 -.07 
DS 113.65 114.82 115,25 115.24 114.94 114.48 113.93 113.30 112.62 111.91 .02 
SP 132.20 132.35 132.73 132.95 133.18 133.83 133.69 133.87 134.02 134.13 .11 
MT 110.22 110.16 110.10 110.19 110.34 110.51 110.51 110.58 110.69 110.64 -1.23 
PA 109.31 109.92 110.88 111.81 112.69 113.55 114.41 115.21 115.99 116.77 1.99 
US 1709.61 1727.47 1741.47 1753.10 1762.48 1771.25 1778.26 1784.54 1790.38 1795.28 .31 
^Definitions of the USDA production regions are given in Figure 1.2 in Chapter I. 
Table 7.6. (Continued) 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 ^hLge 
Harvesting machinery 
US 549.79 555.29 563.77 571.90 580.12 587.96 595.49 602.73 609.77 616.33 1.55 
All machinery 
US 3549.24 3595.03 3637.31 3677.43 3713.79 3749.23 3781.62 3812.32 3842.46 3870.53 .55 
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Due to the increased level of exports, the tractor demand (invest­
ment or purchases) is simulated to increase in all the regions. The 
range of this increase for 1990 from Simulation 1 is shown to be .02 
percent in the SP region to 2.15 percent in the PA region. The increase 
in the NE, NP, AP, and PA regions is estimated to have higher rates 
than the national rate of increase, while the increase in the remaining 
regions is estimated to be with lower rates. However, no definite pat­
tern is observed. 
Unlike Simulations 2-5, the other machinery investments are less 
sensitive than the tractor investments to the increasing export values. 
The U.S. other machinery in 1990 is estimated to be up from the Simula­
tion 1 value by .31 percent, unlike .42 percent in the tractor invest­
ments. Surprisingly, the SE and MT regions' other machinery are ex­
pected to be affected adversely due to the increased exports at the 
national level. Unless it is a function of the estimation and model 
specification problems, it may occur due to some unexplainable circum­
stances. In the case of the SE region, the future U.S. increased ex­
ports would increase the net farm income which would increase planted 
acreage, which in turn would increase the farm size. The negative 
effect of increasing farm size is then likely to reduce the other machin­
ery purchases. These linkages are explained In the equations of the SE 
submodel in the preceding chapter. 
The case of mountain region is different. The net farm income 
equation in this region includes a highly significant lagged export 
variable with a negative sign. This causes income and then other 
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machinery demand to decline as the exports at the national level in­
crease. The MT traditionally has been a livestock products producing 
region. The index of exports of animals and animal products is increas­
ing slower than the index of aggregate agricultural products (USDA, 
1980). In other words, their share in the total exports is declining 
over time. This could possibly result in a negative effect of the 
aggregate exports on their net farm income. It would be more appropri­
ate to include the livestock export variable to draw definite conclu­
sions. 
Excluding the SE and MT, all other regions' other machinery invest­
ment forecasts show positive effects of the increased export levels. The 
harvesting machinery investments are estimated to show the maximum in­
crease due to a 5 percent increase in the export level. The 1990 invest­
ment is expected to be 1.55 percent higher than the base run level for 
the same year. The total investment on all farm machinery in 1990 is 
estimated to be $3.87 billion, which is approximately $.02 billion bigger 
than what it is expected to be (i.e., base run simulation). The increase 
in the total investment from the base run is $5.89 (.17 percent) in 1981, 
$7.63 (.21 percent) in 1982, and so on up to $21.04 (.55 percent) in 
1990. Thus, a steady increase of 5 percent per year in real exports 
widens the gap from the base run in absolute as well as in relative 
terms. Also, the annual growth rate of total investments for 1981-90 
is estimated to decline. 
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Simulation T_ 
The second alternative analyzed here is the policy of holding the 
agricultural exports for 1981-90 in real dollars constant at the 1974-
77 average level. This indicates that the exports increase with in­
flation. The results are presented in Table 7.7. 
In the base run simulation it is assumed that the exports of all 
agricultural products increase along with its historical trend. In 
Simulation 7 the exports are assumed constant. Therefore, the gap 
between the two values for each year increases as we move farther into 
the future. As a result of this situation, the U.S. tractor invest­
ments are lower In all the years from the base run values. This annual 
gap between the two simulations is estimated to increase in absolute 
terms (from $24.59 In 1981 to $81.04 in 1990) as well as in relative 
terms (from 1.91 percent in 1981 to 5.58 percent in 1990). Also, in 
general, the marginal tractor investments for the U.S. are estimated to 
decline over the period of 1981-90. Among regions, the PA and NE are 
expected to be affected most by the relatively declining exports. The 
SP and SE regions, on the other hand, are estimated to be least affected. 
Unlike the results of Simulation 6, the U.S. other machinery invest­
ment estimates show smaller effects than the tractor investment esti­
mates. The simulated other machinery investments are observed to in­
crease at decreasing rate. The predicted Investments are observed 
to Increase up to 1988 and decline after that. Among the regions LS, NP, 
AP, SE and MT are estimated to Increase continuously over the 1981-90 
period; the PA is estimated to decline continuously over the same period. 
Table 7.7. Estimated regional and national farm machinery investments in millions of constant 
(1967) dollars for Simulation 7 with percentage changes for 1990 from Simulation 1 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 % change 
-Tractors-
NE® 92.83 
LS 215.65 
CB 306.34 
NP 155.12 
AP 121.54 
SE 71.56 
DS 62.79 
SP 94.67 
MT 77.63 
PA 65.42 
94.01 94.73 95.25 95.67 96.03 96.35 96.64 96.91 97.17 -20.35 
218.25 220.85 223.98 226.80 229.99 232.86 235.35 238.29 240.90 - 1.82 
310.98 314.32 317.84 320.88 323.88 326.72 329.54 332.31 335.06 - 2.92 
156.52 158.13 159.96 161.65 163.28 164.85 166.34 167.74 169.04 - 5.12 
124.05 126.05 127.77 129.28 130.70 132.03 133.29 134.49 135.68 - 6.60 
73.17 74.82 76.41 77.95 79.45 80.91 82.31 83.68 85.02 - .68 
63.24 63.33 63.23 63.03 62.78 62.51 62.22 61.92 61.61 - 1.60 
96.24 98.00 99.63 101.28 102.98 104.59 106.19 107.77 109.32 - .22 
77.68 78.03 78.56 79.16 79.71 80.20 80.74 81.25 81.72 - 1.80 
64.19 63.24 62.29 61.31 60.33 59.34 58.34 57.32 56.30 -25.85 
US 1263.54 1278.33 1291.50 1304.90 1317.02 1329.13 1340.36 1350.95 1361.68 1371.80 - 5.58 
Other machinery 
NE 128.32 128.61 128.13 127.33 126.37 125.30 124.19 123.01 121.78 120.52 - 1.03 
LS 224.93 228.38 231.74 235.20 238.46 241.80 245.01 247.86 250.83 253.63 - 2.59 
CB 409.46 409.83 407.65 404.53 400.49 396.07 391.40 386.49 381.42 376.24 - 4.17 
NP 222.72 223.11 224.49 225.52 226.36 227.03 227.68 228.21 228.62 228.78 - 7.85 
AP 146.03 149.87 152.92 155.48 157.71 159.75 161.66 163.44 165.11 166.72 - 6.50 
SE 97.31 99.74 102.21 104.61 106.91 109.11 111.21 113.21 115.14 117.00 0.85 
DS 113.61 114.75 115.16 115.13 114.81 114.32 113.74 113.09 112.39 111.65 - 0.22 
SP 131.64 131.66 131.91 131.99 132.09 132.60 132.33 132.37 132.39 132.37 - 1.21 
MT 116.71 117.80 118.98 120.36 121.82 123.31 124.62 126.01 127.44 128.71 14.90 
PA 100.73 98.98 97.59 96.15 94.68 93.18 91.68 90.13 88.55 86.97 -24.04 
US 1691.45 1702.74 1710.78 1716.30 1719.72 1722.47 1723.52 1723.81 1723.67 1722.58 - 3.75 
^Definitions of the USDA production regions are given in Figure 1.2 in Chapter I. 
Table 7.7. (Continued) 
Region 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 change 
Harvesting machinery 
US 504.55 499.93 497.84 495.17 492.34 488.93 484.98 480.53 475.67 470.04 -22.55 
All machinery 
US 3459.54 3481.00 3500.13 3516.37 3529.08 3540.53 3548.86 3555.28 3561.01 3564.42 - 7.41 
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The predicted other machinery investments in region NE and CB peak in 
1982, in DS they peak in 1983, and in SP they peak in 1986. The regions 
SE and MT have shown, similar to Simulation 6, opposite effects by 
1990, possibly due to the same reasons explained in the earlier section. 
The harvesting machinery investments at the national level are 
estimated to decline over the period of 1981-90, at increasing rate (with 
the exception of the second year). The constant export levels as 
against increasing exports at trend level are estimated to have the 
greatest effect for the harvesting machinery purchases. In 1990, it is 
estimated at 22.55 percent below the base run level. 
The total machinery investments are predicted to increase at decreas­
ing rate because of constant exports in real dollars. The 1990 total 
investment on U.S. farms is estimated to reach $3.56 billion as against 
$3.85 billion under base run asssumptions. 
The above discussion generally pertains to the analysis of individual 
simulation runs and their comparison to the base run simulation. In 
the next chapter, inter-policy comparisons are made and general conclu­
sions are drawn. 
Limitations of the Model and Scope for 
Further Research 
The farm machinery investment simulation model used in this study 
has several limitations which deserve some attention. First of all, it 
should be noted that the machinery investment data used for the histori­
cal period are derived using certain disaggregation schemes. This may 
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incorporate some error into the results. Furthermore, the simulated 
regional machinery investments may not be directly comparable to other 
researchers' results unless the same derivation schemes are used. 
Secondly, certain variables like net farm income, acreage, etc. 
for the U.S. submodel are estimated independent of these regional 
variables. Therefore, the sum of these variables over all regions may 
not coincide with the U.S. levels. These variables were estimated at 
the U.S. level separately because the regional totals did not produce 
meaningful results. 
Thirdly, the harvesting machinery investments are estimated only 
at the national level as sufficiently long-time series data are not 
available. Analysis of combines and other harvesting machinery at the 
regional levels would be very useful and interesting. 
Exports of all agricultural products are combined into one national 
variable. Changes in the export levels of individual crops may not be 
reflected effectively and so affect the investments in farm machinery in 
different regions as these changes may offset each other. 
As presently structured, the model is designed to analyze the ef­
fects of acreage diversion programs such as soil bank acreage reserve, 
set aside acreage, soil conservation reserve, etc. For further research, 
effects of such programs on the future mechanization process could be 
analyzed. 
Finally, two major factors, i.e. interest rates and investment tax 
credit, are not included in the investment simulation model. The main 
reason is that they do not exhibit much variation over the historical 
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period and, hence, do not help explain the investment process signifi­
cantly. 
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CHAPTER VIII. CONCLUSIONS AND IMPLICATIONS 
The brief results and general implications of the study on U.S. agri­
cultural mechanization with special emphasis on investments are divided 
broadly into three parts and are presented in this chapter. The first 
part includes the analysis of the historical trends in U.S. mechanization 
over the last four decades. The second part pertains to the regional 
and national farm machinery demand analysis including the statistical 
structure, elasticities, multipliers, etc. The last part deals with 
the predictions of the annual investments into the future with and with­
out policy analysis. 
The Past--Historical Trends in Agricultural Mechanization 
A simple tabular and graphical analysis of the machinery situation 
on farms over the period of 1940-79 is done in Chapter I, to obtain not-
so-obvious trends and other background information about the U.S. farm 
mechanization. The number of motor trucks on farms, in physical units, 
in spite of the qualitative changes in them increased continuously. 
The rate of increase, however, declined. The numbers of most other types 
of machines such as tractors, grain combines, corn pickers and picker 
shellers, pickup balers, and field forage harvesters peaked during the 
early 1960s. The reduction in their numbers in the more recent years is 
brought about by the improved qualitative changes in them during this 
period. It is more conclusive from the ever increasing total tractor 
horsepower and the average horsepower per tractor on farms, that the level 
of machinery used in American agriculture increased over the past four 
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decades. 
The increasing total value of farm machinery, in constant (1967) 
dollars, over the period of 1940-77 also implies that the level of 
mechanization (machinery use) increased in U.S. agriculture. In general, 
the annual rate of increase, or in broad terms, the rate of additional 
mechanization declined. 
Assimilating the background information in the historical perspec­
tive is important to help explain the process of mechanization and its 
implications for the future. Particularly, the addition of new machin­
ery every year (gross investment) is of main importance to this study. 
Analytical conclusions and implications are presented in the following 
section. 
The Present—Farm Machinery Demand Analysis 
First, the statistical tests for structural change are performed and 
conclusions are drawn that the underlying demand structure of tractors, 
harvesting machinery, and other machinery with respect to the important 
agricultural, economic and technological variables is unchanged. Based 
on these tests, machinery investment demand models are estimated using 
1950-77 annual data. Conclusions drawn from the results of the national 
models are presented first. 
National machinery demand analysis 
It is found that the ratio of machinery price index and agricultural 
product price index, expected net farm income, farm size, technology and 
economic indicator variables are significant in explaining the variability 
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in the demand for different types of machinery over the historical 
period. However, their response and significance is found at varying 
degrees across machinery types as well as regions. The level of eco­
nomic activities (measured by the leading economic indicators) is 
found to affect the annual investments in tractors and harvesting 
machinery but not the investments in other machinery, which measures 
approximately 42 percent of the total farm machinery investments. How­
ever, the major economic shifts, e.g. economic "slow down" during 1968-
72 period, are estimated to shift the demand for other machinery sig­
nificantly. In other machinery demand equations, unlike the tractor 
and harvesting machinery demand equations, the interest rate is found 
highly significant and net farm income not significant. This may imply 
that the farmers use their own capital (net farm income) to buy the main 
machinery such as tractors and combines but use the borrowed capital to 
buy other machinery. 
The machinery demand elasticities with respect to the important 
economic variables are calculated at mean levels of those variables. 
It can be concluded that other machinery has the most elastic demand 
while harvesting machinery has the least with respect to their own 
prices. Harvesting machinery, probably, has a higher priority in the 
annual machinery purchases of farmers, and hence a lower elasticity of 
demand. Conversely, the demand elasticities with respect to the agricul­
tural product price and the expected net farm income are generally higher 
in the case of tractor investments than the harvesting machinery, at the 
national level. This implies that any increase in prices received by 
186 
farmers for all agricultural products and net farm income would result 
in higher purchases of new tractors than combines (or the harvesting 
machinery in general). 
The farm size variable is found to affect the farm machinery demand 
negatively, which implies that the increasing farm size in the U.S. will 
reduce the annual purchases of new machinery including tractors, harvest­
ing machinery and other machinery. This effect probably is realized 
through the following factors: 
(a) The technological improvements in the new farm machinery, e.g. self-
propelling combines, bigger and more efficient tractors, etc., may 
lower the total machinery requirement; 
(b) Increased crop specialization due to larger farms may require only 
specialized machinery; and 
(c) Large unused machinery capacity may be utilized more fully on the 
bigger size farms. 
All these factors, in general, result in the diminishing marginal use of 
machinery on farms. In other words, a doubling of the farm size would 
increase machinery requirement per farm less than double and hence, 
decline the total machinery requirement. 
Regional machinery demand analysis 
Tractor and other machinery demand equations are also estimated for 
the ten USDA production regions. Basically the same variables which 
are found significant in the national equations are found significant 
in the regional equations. Certain variables are found to have a more 
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significant effect on one type of machinery demand than the other. For 
example, prices received by farmers significantly affect the regional 
tractor investments while the farm wage rate does not. Exactly the 
opposite conclusion can be drawn in the case of other machinery invest­
ments. 
The tractor demand with respect to its own price (or the price of 
machinery as a proxy) is found inelastic in all the regions. These 
price elasticities range from .16 to .67 and the general direction of 
increasing elasticity, with exception of the Pacific region, is observed 
from west to east. The implication of this conclusion is that the same 
amount of increase in tractor prices all over the U.S. would result in a 
smaller reduction in tractor demand in the western regions than in the 
eastern regions. Similar east-west differences in the other machinery 
demand elasticities are observed. Unlike tractor demand, no general 
west to east regional upward trend in the price elasticities is observed. 
The prices received for agricultural crops are always used in a ratio 
form with the tractor or machinery price. Hence, their elasticities are 
identical (in absolute value) to the elasticities with respect to the 
tractor and machinery prices. Consequently, the above regional con­
clusions hold as well for the crop prices. 
Finally, the significant positive coefficients associated with har­
vesting and other machinery in the tractor demand equation and vice 
versa are observed. This result implies the complementarity among these 
three machinery types. Increasing investments in any one type may, thus, 
result in an increase in the others and the general level of farm 
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mechanization. 
Selected farm machinery demand equations are used in the simulation 
model. The conclusions of the investment simulations and its implica­
tions into the future are included in the next section. 
The Future—Farm Machinery Investment Predictions 
and Policy Implications 
The main purpose of analyzing the historical background information 
and the process of agricultural mechanization by way of the annual in­
vestment demand analysis is to make inferences about the future mechaniza­
tion in American agriculture. Hence, a block recursive econometric model 
of the U.S. farm machinery investment sector is developed and predictions 
of the investments in the regional tractor and other machinery, and 
national tractor, harvesting machinery, other machinery, and total 
machinery are obtained. 
Base run predictions 
Over the historical period of 1948-77 the farm machinery investments 
were observed to have cyclical and irregular fluctuations, partly caused 
by random events which occurred in the past. Predicted machinery demand, 
however, is fairly smooth (with some fluctuations) partly because the 
exogenous variables are projected with the smooth time trend or set 
equal to constants. The all farm machinery investment, in 1967 constant 
dollars, which is the sum of the investments in tractors, harvesting 
machinery, and other machinery, is estimated to grow on the average at 
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the annual rate of .86 percent between 1981 and 1990. The 1977 actual 
value of all machinery was $3.23 billion which is estimated to be $3.54 
billion in 1981 and $3.85 billion in 1990. 
The three components of all machinery investment are likely to ex­
perience positive but differential annual growth rates. The average 
annual growth rate for the constant dollar investments is calculated to 
be maximum (1.28 percent) for tractors and minimum (.48 percent) for 
other machinery. The average annual growth rate for the harvesting 
machinery investments is estimated at 1.10 percent. It is important to 
note, furthermore, that the marginal rate of investment in all three 
types of farm machinery is expected to be declining. 
The percentages of individual types of machinery investments to the 
all machinery investments are predicted to be similar to their historical 
percentages. Between 1981 and 1990 the estimated investments show that 
the percentages of tractors and harvesting machinery are increasing 
slowly at the cost of other machinery investments. These general con­
clusions would have profound implications for the farm machinery industry, 
in terms of their production, distribution and sales planning. 
The simulated tractor investments for all the regions except the 
Delta States show an increasing trend over the period of 1981-90. The 
highest estimated average annual growth rate in tractor investments 
(in constant dollars) is found in the Southeast region, followed by the 
Northeast and Appalachia regions. In general, the estimated average 
annual rates of increase are lower for the western regions than for the 
eastern regions (with the exception of the Delta States region). As 
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mentioned before, this could be explained partly due to the higher 
tractor demand elasticities with respect to the crop prices and net 
farm income in the eastern regions. Increasing crop prices and net 
farm income (due to increasing exports) in the base run may cause higher 
rates of increases in those regions. 
Similar to the national tractor investments, the regional tractor 
investments are predicted to increase at decreasing rates. This implies 
relatively higher increases during the early years of the 1981-90 
period, than the later years of the same period. 
The regional other machinery investments are estimated to experience 
more fluctuations than the tractor investments for the period of 1981-90. 
The Appalachia and Southeast regions are estimated to have a maximum 
rate of growth in the annual investments. The 1990 other machinery 
investments in the Northeast, Corn Belt and Delta States regions are 
estimated to be lower than their 1981 investment levels, thereby implying 
negative growth rates. 
Effects of fuel and oil price policies 
A policy of increasing fuel and oil prices with twice the trend rate 
is likely to decrease the annual investments in different types of machin­
ery in all of the regions of the U.S. The 1990 tractor investments are 
calculated to be lower by .80 percent in the LS region to 29.90 percent 
in the DS region from their base run predictions. In general, the effect 
of increased fuel oil prices is more severe (approximately seven times 
greater) on the other machinery investments than the tractor investments. 
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The effect on the harvesting machinery investment estimates is calculated 
only slightly deeper than on the tractor investments. The simulated 
other machinery investments show the maximum effects of the fuel and oil 
price increases in the CB and DS regions, and minimum effects in the LS 
and MT regions. 
The second alternative policy under which the prices of fuel and 
oil are held constant is found to increase the machinery investments 
in all of the regions above the base run predictions. The relative mag­
nitudes of effects of this policy on different types of machinery in 
different regions are predicted to be exactly similar to that of earlier 
policy. 
Effects of support price policies 
The simulation model predicts that the investments in all types of 
farm machinery at national and regional levels will fall below the base 
run levels if the crop price support program is abandoned. This effect 
would be maximum during the first year (1981) but would decline and 
become minimal by the year 1990. An increasing price support policy, 
on the other hand, is estimated to increase the annual investments in 
farm machinery in the future. An increase of 184 percent in the index 
of real support prices in 1990 is estimated to increase the U.S. tractor 
investments only by 1.92 percent from the base run value of the same 
year. Unlike the earlier policy (support prices set equal to zero), 
this policy is estimated to have relatively larger effects on the har­
vesting machinery investments than the tractor and other machinery 
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investments for the 1981-90 period. 
Effects of agricultural export polici es 
The export level of agricultural products is assumed to increase 
with its recent 15-year trend in the base run. Two alternative scenarios 
of export policies are analyzed with the help of the simulation model. 
The arbitrarily set 5 percent annual increase in the constant dollar 
value of exports is estimated to increase the tractor, harvesting machin­
ery and other machinery investments in general. At the national level, 
the increase in the 1990 tractor investment level from the base run 
levels is less than .5 percent in tractors and other machinery while it 
is approximately 1.5 percent in harvesting machinery. 
The model predicts that the constant level of exports is likely to 
result in larger reductions in the machinery investments compared to the 
earlier policy and base run results. Particularly, the harvesting 
machinery investments are estimated to be lower in 1990 by the 22.55 
percent from the base run value for the same year. 
Pol icy comparisons 
The base run predictions are made under the most likely set of 
values of the exogenous variables involved in the model. In addition, 
six alternative policy runs are made to analyze the effectiveness of 
each alternative. By comparing the percentage changes under each 
alternative from the base run, it can be concluded that the constant 
export level policy is estimated to be most effective (causing maximum 
reduction) for the tractor and harvesting machinery investments. On the 
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other hand, the policy of increasing real prices of fuel and oil is 
estimated to have the most effects (causing maximum reduction) for the 
investments in the other machinery. Based on the model results, the 
increasing support price policy and both export policies are found to 
have greater effects on the harvesting machinery investments than the 
tractor and other machinery investments. 
In the remaining three policy scenarios, the harvesting machinery 
investments are estimated to be affected more than tractor investments 
but less than other machinery investments. Finally, it could be con­
cluded, in general, that the export policies are likely to be most 
effective and the support price policies least effective on the different 
farm machinery investments over the decade of the 1980s. 
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CHAPTER IX. SUMMARY 
United States' agriculture is the most mechanized in the world. 
It has a special significance to all the developed and developing nations 
as it also has achieved the highest labor productivity in the world. 
Agricultural mechanization has been an important basis of the agricul­
tural transformation over the years in the U.S. The "mechanization" 
term is used in this study to refer to the extent (level), concentra­
tion, and intensity of machinery used on farms in different time periods. 
The mechanization process, which refers to the annual additions or gross 
investments in new farm machinery of different kinds is, however, more 
important to this study. 
Economic analysis of U.S. agricultural mechanization is undertaken 
in this study. The analysis is performed in three main steps. First, 
the historical trends of different aspects of agricultural mechanization 
and its structure are analyzed with the help of simple tabular and 
graphical analysis. Second, a process of mechanization over the 
historical period is analyzed by way of explaining the farmers' machin­
ery investment behavior. The structural coefficients, the parameters 
of the investment demand, are estimated to reveal the underlying intrinsic 
relationships. Finally, simulations of investments in different regional 
and national farm machinery are performed using a block recursive simula­
tion model of the farm machinery investments. The model is developed in 
this study and is used to make the investment predictions up to 1990 
under the base run assumptions and six different policy alternatives. 
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Historical Structure of U.S. Agricultural Mechanization 
The structure of mechanization is used in this study to refer to 
the mix of machinery used, in terms of their number, size, and value on 
farms. Historical trends in the numbers of motor trucks, tractors, 
grain combines, corn pickers and picker shellers, pickup balers, and 
field forage harvesters are exhibited for the period of 1940-79. 
The number of motor trucks on farms has risen continuously during 
1940-79, though at a declining rate. The numbers of most other types 
of machinery units on farms have peaked during the early 1960s. The 
decline in their numbers after the 1960s is mainly brought about by the 
tremendous qualitative changes in those machines. The increasing con­
stant dollar values of motor trucks, tractors, other machinery, and 
total machinery over the period of 1940-77 (with few exceptional years) 
indicate that the general machinery-use-level on farms has increased. 
The rate of increase in most cases is declining. Similarly, tractors 
on farms measured in more homogenous (constant quality) horsepower 
units (and the average horsepower per tractor) are increasing over the 
period of 1963-79. This increase, however, is at a constant rate. 
The intensity of mechanization is measured in different ways such 
as acres per horsepower, number of tractors and combines per farm, and 
acres per tractor and combine. The long run time series data on the 
above measures support the conclusion that the intensity of mechaniza­
tion in U.S. agriculture has increased considerably during the last four 
decades. Consequently, the hours of farm labor used on farms have 
declined dramatically during the same period. 
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The annual costs of machinery input in agricultural production and 
the annual investments in all farm machinery are analyzed for the 1935-
79 period in the first part of this study. The annual investments in 
tractors and other machinery at the regional and national levels, and 
the annual investments in harvesting machinery at the national level 
(1948-77) are also discussed. 
The ratio of aggregate agricultural output and total mechanical 
power and machinery used exhibits a negative trend for the 1940-78 
period. This ratio does not, however, measure accurately the machinery 
productivity in agriculture as the machinery used to substitute for 
labor is not given proper weightage. Therefore, a combined productivity 
index of machinery and labor is constructed. This index has increased 
continuously, indicating, partially, an increase in farm machinery pro­
ductivity over the 1945-78 period. 
Farm Machinery Investment Analysis 
The main part of this study is the econometric analysis of the 
regional and national farm machinery investments in the U.S. In the 
second stage of the study, alternative specifications of the farm machin­
ery investment demand are finalized. These specifications are general 
and exemplary in nature and typically include stock adjustment models, 
expectations models, mixed (adjustment and expectations) models, and 
simple derived demand models. Then, the statistical tests for structural 
change are performed and conclusions are drawn that the underlying demand 
structure of tractors, harvesting machinery, and other machinery with 
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respect to the important agricultural, economic and technological vari­
ables is unchanged. These conclusions are necessary to estimate 
demand functions based on the long-time series data. 
All the models are estimated using the 1950-77 annual data and the 
most appropriate econometric techniques. Five to six "best" estimated 
models for each of the investments in tractors, harvesting machinery 
and other machinery at the national level are retained for analysis. 
Similarly, ten selected models for tractor investment demand and ten 
models for other machinery investment demand in the ten USDA regions are 
analyzed. 
The most common variables that farmers consider important and sig­
nificant while making their machinery purchasing (investment) decisions 
are the machinery prices, crop prices received, expectations about the 
net farm income, farm size, technology and general economic performance 
indicators. The magnitude of the effect and significance level of these 
variables vary across different machinery types and across different 
regions. For example, the leading economic indicators are found to 
affect the annual investments in tractors and harvesting machinery but 
not the investments in other machinery (which is a major part of the 
total machinery). The interest rate variable is found significant only 
in the other machinery investment functions. At the same time, the 
net farm income is not found significant in those equations. This may 
imply that the other machinery is bought through the borrowed capital 
unlike tractors and harvesting machinery. 
The elasticities of different machinery demand with respect to the 
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important economic variables are calculated at the mean levels. In 
general, the other machinery investment demand is most elastic and the 
harvesting machinery investment demand is least elastic with respect 
to their own prices. Harvesting machinery may have a higher priority 
in the annual machinery purchases of farmers and hence a lower elasticity 
of demand. Also, the demand elasticities with respect to agricultural 
product prices and net farm income are generally higher for tractors 
than harvesting machinery. The structural coefficients and elasticities 
associated with the farm size variable are negative. The technological 
improvements in machinery, crop specialization, etc. may be the reasons 
for the diminishing marginal use of machinery on farms, as indicated by 
the negative coefficients of the farm size. 
Next, the regional tractor and other machinery investment demand 
functions are estimated using most of the regional and some national 
level variable data for the period of 1950-77. It is observed that 
farmers do not respond to the same economic variables while making their 
investment decisions for tractor or other machinery. For example, the 
prices received by farmers for crops significantly affect the regional 
tractor investment and not the other machinery investments. The farm 
wage rates, on the other hand, play a significant role in explaining 
the annual regional other machinery investments and not the tractor in­
vestments. 
The estimated regional tractor demands are inelastic; the elas­
ticities range from .16 to .67. In general, the tractor demand elas­
ticity with respect to its own price as well as aggregate crop price is 
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increasing from west to east. The regional other machinery demand 
elasticities with respect to the machinery prices and farm wage rates 
are also lower in the western regions than in the eastern regions. In 
the alternative specifications of the national models, the harvesting 
machinery and other machinery demand are found significant in the 
tractor demand model and vice versa. These significant positive coeffi­
cients reveal the complementarity between different types of machinery 
on farms. 
Using the final-form equation of the reduced form models, dynamic 
multipliers expressing the long-lasting effects of the interest rates, 
price of fuel and oil, and net farm income are calculated for selected 
machinery investments. The impact multipliers and long-term multipliers 
are also calculated. As expected, all of these dynamic multipliers 
exhibit a geometric decline and converge to zero as the time lag in­
creases. A change in the interest rate at time t has the most far-
reaching effects on tractor demand in the Appalachia region and the 
least effects on the U.S. other machinery demand. Dynamic multipliers 
for the U.S. harvesting machinery demand dampen moderately and reach 
zero by the end of the tenth lag period. Dynamic multipliers of the 
net farm income, and fuel and oil price are calculated mainly for the 
regional tractor and other machinery investment demands. In general, 
changes in these variables affect the machinery investments but do not 
last longer than a ten-year lag period. 
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Investment Simulations and Policy Alternatives 
The level of future farm machinery investments is important to the 
farm machinery producers, government policy makers, farmers and con­
sumers. Therefore, the farm machinery investments are simulated for 
the 1980s in the third stage of this study. The estimated regional in­
vestment functions for different farm machinery are used in the block 
recursive econometric simulation model of farm machinery investments 
developed in this study. 
Apart from the main target variables of machinery investments, the 
model estimates endogenously the tractor, combine, and machinery prices 
(indices); farm labor wage rate (index); net farm income; crop prices 
(indices); acreages; and technology proxy variables (a time derivative). 
In a typical submodel, tractor investment and other machinery investment 
equations form a first block of simultaneous or seemingly unrelated 
equations. The second block is of three seemingly unrelated equations 
(for Py, P|^, and P^) and is common to all of the 11 submodels. The 
rest of the equations form a recursive structure which feeds into block 
one or two. Block two is also recursive to block one. There are ten 
regional submodels. The eleventh is for the U.S. which aggregates 
regional tractor and other machinery demands and estimates the invest­
ment demand for the harvesting machinery at the national level. The 
entire model contains 92 equations of which 24 are identies. About 70 
exogenous variables are selected from agriculture, industry and econorny 
in general to complete the linkages specified in the model. 
The model is used to predict the 24 target variables which are 
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regional tractor and other machinery investments and national tractor, 
harvesting machinery, other machinery, and all machinery up to 1990. 
Predicted machinery investments in 1967 constant dollars are 
fairly smooth. The total machinery investment which is the sum of the 
tractor, harvesting machinery, and other machinery was $3.23 in 1977 
and is estimated to be $3.54 billion in 1981 and $3.85 billion in 1990. 
It is estimated to grow with an average rate of .86 percent per annum. 
The estimated average annual growth rate is maximum (1.28 percent) for 
tractor investments and minimum (.48 percent) for the other machinery 
investments. The average annual growth rate for the harvesting machin­
ery investments is estimated at 1.10 percent. Furthermore, the marginal 
rate of investments in all three types of machinery is estimated to be 
declining. 
The estimated tractor investments in 1967 constant dollars show 
annual increases at decreasing rates in all regions except the Delta 
States. The highest estimated average annual growth rate is found in 
the Southeast region (1.93 percent) followed by the Northeast and 
Appalachia regions. In general, the growth rates are higher for eastern 
regions than the western regions. Eastern regions, in general, have 
higher crop price and income elasticities. Due to increasing exports 
in the base run, the prices and net incomes are expected to increase, 
causing the investments to grow at faster rates. 
The simulated regional other machinery investments exhibit more 
fluctuations than the tractor investments. These investments are esti­
mated to peak in 1982 for the Northeast and the Corn Belt, and in 1983 
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for the Delta States. These three regions are expected to have negative 
average growth rates. The Appalachia and Southeast regions are esti­
mated to have a maximum rate of growth in the other machinery invest­
ments. 
The model is simulated under six policy alternatives. The effects 
of fuel and oil policies are analyzed in Simulations 2 and 3. The 
real prices of fuel and oil are increasing with twice the trend used 
in the base run (Simulation 1). As a result of this arbitrary policy, 
the regional tractor investments in 1990 are likely to be lower by .80 
percent in the LS region to 29.90 percent in the DS region from the base 
run values. In general, the other machinery investments may be affected 
approximately seven times more than the tractor investments. The har­
vesting machinery may be affected slightly more than the tractor invest­
ments. The other machinery investments for the CB and DS regions are 
estimated to decline most and for the LS and MT regions decline least 
as a result of increased fuel and oil prices. 
An alternative policy of constant real prices of fuel and oil is 
simulated to increase the investments (in Simulation 3) in all regions 
above the base run predicted values. The relative magnitude of the 
effect is identical to the earlier policy effects (i.e.. Simulation 2). 
The second set of policies is related to the crop support prices. 
The model predicts (in Simulation 4) that the investments in all the 
regions would decline if the price support program is abandoned. The 
effects would be maximum during the first year 1981, but would decline 
there on up to 1990. However, the percentage reductions are small, .14 
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percent reduction in 1990 from the base run level in the same year. 
Alternatively, in Simulation 5, an increase of 184 percent in the sup­
port price index in 1990 is likely to increase the U.S. tractor invest­
ments only by 1.92 percent in that year. Furthermore, the harvesting 
machinery investments are likely to be affected more than the other two 
investments. 
The third set of policies involve the export of agricultural 
products. The annual 5 percent increase in the exports (Simulation 6), 
in constant dollars, is estimated to increase the U.S. tractor invest­
ments by only .42 percent in 1990 from the base run. The effect on 
other machinery is relatively lower and on harvesting machinery rela­
tively higher. These effects are small because the export level increases 
with the last 15-year trend rate in the bage run. The constant levels of 
export (Simulation 7), in real dollars, for 1981-90 are estimated to 
reduce the different farm machinery investments considerably. For 
example, the harvesting machinery investments are estimated to decline 
in 1990 by 22.55 percent from the base run level of the same year. 
In general, the export policies that are analyzed in this study are 
estimated to be most effective causing maximum deviations in the invest­
ments from the base run values. The support price policies, also 
used in this study, are estimated to be least effective among all the 
policies, causing minimum deviations in the investments from the base 
run values. 
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APPENDIX A. VARIABLE DERIVATIONS, DEFINITIONS, 
AND SOURCES 
The variables used in this study are defined in this appendix. 
The data on most of the variables used in the study are not available in 
a published form. Therefore, all the necessary data are derived by 
using certain procedures which are first explained in this appendix. 
The sources of these data are also listed. 
Data Derivation 
Major derivation procedures are explained here. The remaining 
derivation of the data is explained along with the definitions in the 
next section. 
Tractor investments and stocks 
The tractor investments are assumed identical with the tractor pur­
chases, expenditure or demand in this study. The number of tractors on 
farms excluding garden tractors and motor tillers, by region, are pub­
lished for the census years (USDA, ARS and AMS, 1960; USDC, BC, 1959, 
1964, 1969, and 1974). The regional weights for these census years are 
created by dividing the number of tractors in each region by the total 
number of tractors in the U.S. The weights for the remaining years are 
obtained by simple interpolation and extrapolation to complete the 
series for the 1948-77 period. The U.S. annual tractor purchases are 
obtained (USDA, ESCS, 1978c) and deflated by the machinery price index 
with 1967=1. The regional tractor purchases are then calculated by 
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multiplying regional weights to the U.S. tractor purchases of the cor­
responding year. The weights across the regions sum to one. Hence, 
the tractor purchases across the regions also sum to the U.S. tractor 
purchases. The assumption made here is that regional tractor purchases 
follow the distribution pattern of stocks of tractors on farms. The 
same regional weights are multiplied to the value of tractors in the 
U.S. to calculate the value of tractors (stocks) on farms in different 
regions. 
Harvesting machinery investments and stocks 
The value of the U.S. harvesting machinery shipments for the 1948-68 
period is taken from the Agricultural Statistics (USDA, 1962, 1967, and 
1972). The shipments for 1969-77 include exports of this machinery. 
The values of exports of harvesting machinery (Eichers, 1980) are sub­
tracted from the total shipments of the corresponding years. The entire 
series of harvesting machinery shipments is then deflated by the machin­
ery price index with 1967=1 (USDA, 1978). In this study, the annual 
shipments are assumed equal to the annual purchases since the data on 
actual purchases are not available. 
Stocks of machinery on farms are measured in value terms. Annual 
values of harvesting and other machinery are available as a single time 
series (USDA, ESCS, 1979) for 1948-77 except for a few intervening years. 
The missing values are obtained by the interpolation method. The value 
of harvesting machinery is obtained by multiplying above time series 
on the value of harvesting machinery by a series of weights (W^), 
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where 
and H = the U.S. harvesting machinery purchases, 
0 = the U.S. other machinery purchases. 
Finally, the values of harvesting machinery for the 1948-77 period are 
deflated by the machinery price index. 
Other machinery investments and stocks 
The market value of all farm machinery and equipment for the 1969 
census year for each USDA region is available (USDC, BC, 1969). The 
regional weights of these values are created to sum to one across all 
the regions for 1969. These regional weights times the U.S. other 
machinery purchases for the same year produced the regional other machin­
ery purchases for 1969. The U.S. other machinery purchases are obtained 
as residuals, i.e. all machinery purchases minus tractor and harvesting 
machinery purchases. It does not include autos or farm trucks. It 
includes cultivators, harrows, field preparation machinery, irrigation 
equipment, spraying and dusting equipment, feeding, milking, and other 
miscellaneous type of machinery and equipment. 
The regional indices of mechanical power and machinery for the 1948-
77 period (USDA, ESCS, 1977; Durost, 1979) are, then, multiplied by the 
corresponding region's 1969 other machinery purchases to obtain the 
preliminary regional purchases. These regional preliminary purchase 
estimates are then adjusted so that their total is equal to the actual 
U.S. other machinery purchases over the 1948-77 period. This is done by 
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adjusting the preliminary regional estimates proportionately upward or 
downward. All regional purchases are then deflated by the machinery 
price index. 
The above derivation procedure implicitly assumes that the annual 
other machinery purchases in each region follow a distribution of the 
mechanical power and machinery index of that region over the 1948-77 
years. 
A similar procedure is followed to calculate regional stocks (values) 
of other machinery. The time series of value of other machinery are 
substituted for the time series of the other machinery purchases in the 
above procedure. Also, the machinery price index is used as a deflator. 
Regional crop price indices 
The regional crop price indices are based on the national indices 
of seasonal average prices for the crops such as wheat, soybean, cotton, 
corn, barley, oats, sorghum, tobacco, and hay (USDA, 1972, 1978). The 
number of harvested acres of these crops is used as weights. The crop 
price index for the i^*^ region and t^^ year (i-P^^J is calculated as 
follows; 
9 i-HAC.+ 
I i-HAC.+ 
0=1 
where i-HAC,, is harvested acreage of j crop in the i^ region and 
Pjt is the season average price index of the crop with 
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1967=100. 
j = 1, 2 , . . . , 9 for the above-mentioned nine crops. 
i = 1,2,...,10 for the ten USDA regions. 
Finally, the regional crop price indices are deflated by the gross 
national product (GNP) implicit deflator (USDA, 1972, 1979). 
Regional support price indices 
A similar to the crop indices derivation procedure is used here. 
The prices used are the national support prices (indices for the crops 
wheat, soybean, cotton, corn, barley, oats, sorghum and tobacco (USDA, 
1972, 1979). The harvested acreage of these crops is used in the weight­
ing scheme as before. These regional support price indices are converted 
into the real terms by deflating them with the GNP deflator. 
Variable Definitions and Sources 
Investment and stock variables 
H = the annual national harvesting machinery investments (purchases, 
expenditures, or demand) in constant dollars. It includes annual 
expenditures on combines, grain heads for combines, corn heads, 
windrowers or swathers (draper type for grain), corn pickers, 
potato harvesters, beet harvesters, peanut diggers and shakers, 
peanut combines, and field forage harvesters. For sources, see the 
earlier section on the data derivation. 
M = the national total investments in tractors, trucks, automobiles, 
harvesting machinery, other machinery and equipment in constant 
dollars (USDA, ARS, 1957; USDA, ERS, 1967; USDA, ESCS, 1979). 
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= the annual national all machinery and equipment investments (pur­
chases). It is the sum of the national investments in tractors 
harvesting machinery, and other machinery. 
0 = the regional and national other machinery investments (purchases) 
in constant dollars. The sources are given in the earlier section 
on the data derivation. 
Sy = the national stocks (value) of harvesting machinery on farms. For 
sources, see the data derivation section. 
= the national stocks (value) of all machinery on farms in constant 
dollars (USDA, ARS, 1957; USDA, ERS, 1967; USDA, ESCS, 1979). 
Sq = the regional stocks (value) of other machinery and equipment on 
farms in constant dollars. Sources are same as above (S^^. 
Sj = the regional and national stocks (value) of tractors on farms. For 
sources, see the data derivation section. 
T = the regional and national tractor investments (purchases) in con­
stant dollars. See the data derivation section for the sources. 
Prices and related variables 
Cj = the index of the user cost or implicit rental cost of a tractor, 
based on the tractor price index (Py), discounting rate (r), and 
the depreciation rate (6). It is calculated as 
Cit = Pytfr * 
where 6 = .25 (USDC, BIR, 1942), and r = the average level of 
1948-77 annual average interest rates paid by farmers. 
Pq = the regional index of prices received by farmers for crops. 
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deflated by the GNP index (implicit deflator). See the data deriva­
tion section for the sources. 
= the national index of prices paid by farmers for medium capacity 
self-propelled combines. This price index is available only for 
the 1956-77 period (USDA, CRB, SRS, 1957 through 1977). The 1948-
55 data are estimated by regressing backwards on the machinery 
price index using 1956-77 data. Then the series is deflated by 
the GNP index. 
Pj = the national index of the wholesale prices for iron and steel 
(USDC, BC, Statistical Abstract, 1958, 1968, 1980). 
P|_ = the regional real prices of land or the real value of land and 
buildings per acre (USDA, 1972, 1978). 
P|^ = the national index of the prices paid by farmers for all farm machin­
ery and equipment. The 1948-74 data are available in published form 
(USDA, 1967, 1972, 1975). After 1974, three different price indices 
are published (USDA, 1980), for (a) autos and trucks, (b) tractors 
and self-propelled machinery, and (c) other machinery. The machin­
ery price index for 1975-77 is calculated as a weighted average of 
these three price indices, the weights being the values of pur­
chases of these three types of machinery. The machinery price in­
dex for 1948-77 is, then, deflated by the GNP index. 
P|^ = the national index of the annual support prices for cotton (USDA, 
1972, 1979). 
Pq = the index of the national average price of fuel and oil paid by 
farmers (Durost, 1979) deflated by the consumer price index (CPI) 
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with 1967=1 (USDC, BC, Statistical Abstracts, 1959, 1968, 1978). 
Pp = the national index of real prices received by farmers for all 
farm products (USDA, 1967, 1972, 1978). 
Pg = the regional and national index of real support prices of different 
crops. For derivation and sources, see the earlier section. 
P-p = the national index of prices paid by farmers for tractors. The 
1948-62 data are estimated by Fox (1966). The 1962-77 price index 
is estimated using the average price of tractors of three to four 
different sizes (USDA, 1972, 1979). The deflator used is the GNP 
index. 
R = the regional and national average annual interest rates on loans 
outstanding in the farming sector (USDA, 1962, 1972, 1978). 
W = the national index of hourly farm wages paid by farmers to hired 
workers (USDA, 1972, 1978), deflated by the CPI. 
W|^ = the national index of real average hourly earnings of production 
workers in private, nonfarm economy (USDC, BEA, 1978). 
Farm income and asset variables 
D^ = the regional and national ratio of total outstanding farm real-
estate debt to total farm assets (USDA, 1972, 1977). 
Dj = national net farm income dumniy variable with 1973=1, zero otherwise. 
Y = the regional and national real net farm income calculated using the 
state net farm incomes (USDA, ESCS, 1978c). 
= three year simple moving average of net farm income for each region 
and for the U.S., i.e., 
*A = (*t-l * "t-Z " • 
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Yp = deviations of the actual national net farm income from its three 
year weighted moving average (Yg), i.e., 
^Dt " ^t • ^Et 
Yg = three year weighted moving average of net farm income for each 
region and for the U.S., i.e., 
^Et = Yt.l/2 + Yt.2/3 + Yt-3/6 • 
Acreage-related variables 
A = the regional and national acres of cropland used for crops. It 
is the sum of cropland harvested, crop failure acreage, and culti­
vated summer fallow acreage (USDA, ESCS, 1977b). 
Ap = the total acreage diverted from production in each region under 
government programs (Frey and Overboe, 1980), i.e., long term and 
annual commodity programs, calculated from the statewise data. 
Cp = the U.S. cropland acreage withheld from production under the con­
servation reserve program (USDA, 1972, 1975). 
Dj = the total U.S. cropland acreage withheld from production (total 
diversions) under the acreage reserve, conservation reserve, and 
commodity acreage diversions for the feedgrains, wheat and cotton 
(USDA, 1972, 1975). 
F = total number of farms in each region and in the U.S. (USDA, CRB, 
SRS Stat. Bull. 316; 507; 594 (1962, 1973, 1977, respectively)) 
calculated by summing over the states in each region and in the U.S. 
Fjj = the U.S. cropland acreage withheld from production under the feed-
grain diversion program (USDA, 1972, 1975). 
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Z = the regional and national farm size or the acres per farm, obtained 
by dividing the estimates of land in farms (USDA, CRB, SRS Stat. 
Bull, 316, 507, 594 (1962, 1973, 1977, respectively)) by the number 
of farms in that region. 
Technology variables 
The derivation of the technology variables related to the invest­
ments in different types of machinery is explained in the text of 
Chapter II and Chapter VI. Their calculations are based on the time 
variable and some constants derived from the investment time series. 
= the technology variable relevant to the national harvesting machin­
ery investments (purchases). 
Gq = the technology variable relevant to the regional and national other 
machinery investments (purchases). 
Gj = the technology variable relevant to the regional and national 
tractor investments (purchases). 
Economic activity variables 
All the composite indices listed below are with 1967=100 and are 
obtained from the business conditions digest (USDC, BEA, 1978). 
Dg = economic conditions dummy variable with 1967-72=1, zero otherwise. 
I^ = the national composite index of four roughtly coincident indicators, 
namely (a) employees on nonagricultural payrolls, (b) personal in­
come less transfers, (c) industrial production, and (d) manufactur­
ing and trade sales. 
Ig = the national composite index of six lagging indicators, namely 
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(a) average duration of unemployment, (b) manufacturing and trade 
inventories, (c) labor cost per unit of output (manufacturing), 
(d) average prime rate charged by banks, (e) commercial and in­
dustrial loans outstanding, and (f) ratio of consumer installment 
debt to personal income. 
= the national composite index of 12 leading indicators which include 
indices of average work week, net business formation, change in 
inventories, stock prices, money supply, etc. 
Other agricultural variables 
C = the regional index of real farm production expenses (USDA, 1972, 
1979). 
L = total hired workers on farms in the U.S. (USDA, 1972, 1978). 
Q = the regional and national index of total farm output (crops and 
livestock) with 1967=100 (USDA, ESCS, 1978a). 
X = the index of total national domestic exports of farm products in 
constant dollars (year ending June 30). 
Time variables 
Tj = inverse of time (TQ). 
= logarithm of time (TQ). 
Tq = time trend with 1948=1 1977=30,...,1990=43. 
Tg = square root of time (TQ). 
The subscript t denotes the current year; t-1 denotes the one year 
lag; and the notation i preceding a variable name denotes that variable 
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is regional where i = NE, LS, CB, NP, AP, SE, DS, SP, MT, PA--the ten 
USDA production regions defined in Figure 1.2. 
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APPENDIX B. TABLES OF INVESTMENT DEMAND FUNCTIONS FOR 
REGIONAL TRACTORS AND OTHER MACHINERY 
Table B.l. Estimates of structural coefficients of tractor investment demand, northeast 
region, 1950-77 
Model Inter­cept PMt* NE-Pct "t 
NE-YAt NE-Zt NE-Gyt let NE-Tt.i R^/. RMSEd 
Estima­
tion 
method 
d^ u^ 
B.Ol 92.79 -65.78 -.7549 
(3.68)e (1.70) 
[-.63]f [-.81] 
.0184 
(1.05) 
[.24] 
-.5709 
(1.21) 
[-.96] 
.9717 
(2.52) 
[1.02] 
.8571 
(2.56) 
[.89] 
.1898 
(1.15) 
[.19] 
.79 
9.14 
OLS 2, .14 .37 
B.02 95.61 -73.68 
(4.43) 
[-.71] 
-.7470 
(1.66) 
[.80] 
.0275 
(1.74) 
[.36] 
-.6463 
(1.37) 
[-1.09] 
1.0830 
(2.88) 
[1.13] 
.9712 
(3.01) 
[1.01] 
.78 
9.20 
OLS 1 .75 .40 
B.03 -87.43 -60.71 
(3.49) 
[-.58] 
.0411 
(2.33) 
[.54] 
.4560 
(1.61) 
[.77] 
1.0117 
(3.47) 
[1.05] 
.2122 
(1.40) 
[.22] 
10.16 
3SLS • 
®The definitions of variables are given in Appendix A and explanations of ten USDA regions 
are provided in Figure 1.2 in Chapter I. 
°d is the Durbin-Watson statistic. 
Cu is Theil inequality coefficient defined as 
1  ( A t  -  I  ( ^ t  ~  A t - l ) ^  »  
t=l t=l 
where A is actual value and P is predicted value of the same dependent variable. 
dRMSE is root mean square error. 
^Figures in parentheses are t-statistics. 
^Figures in brackets are elasticity coefficients. 
Table B.2. Estimates of structural coefficients of tractor invest­
ment demand. Lake States region, 1950-77® 
Mod:' 'c^r LS-lt LS-'At "-S-Ah LS-Z^ LS-G,; 1,.^ 
B.04 291.88 -65.47 
(3.10) 
[-•35] 
7.6212 
(4.50) 
[1.78] 
-4.212 
(5.64) 
[-4.97] 
2.3013 
(7.52) 
[2.12] 
.8282 
(1.48) 
[.49] 
B.05 150.79 -71.32 
(2.27) 
[-.39] 
.2164 
(1.21) 
[.53] 
6.7592 
(3.18) 
[1.59] 
-2.968 
(2.47) 
[-3.56] 
1.8498 
(2.95) 
[1.75] 
.7823 
(1.17) 
[.47] 
B.06 223.24 -73.02 
(2.41) 
[-.44] 
.0402 
(3.67) 
[.43] 
-2.370 
(1.87) 
[-2.90] 
1.3395 
(2.27) 
[1.30] 
2.0061 
(2.90) 
[1.24] 
B.07 314.38 -31.18 
(1.19) 
[-.17] 
-2.524 
(1.84) 
[-3.08] 
1.0605 
(2.16) 
[1.03] 
^See Table B.l for additional footnotes. 
is an autoregressive coefficient of the first order. 
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p2/ Estima-
Ilt D£ RMSE due 
.85 OLS 1.77 .35 
13.32 
-.0686 .85 OLS 1.79 .32 
(1.05) 13.69 
[-.39] 
-.0228 .83 OLS 1.73 .34 
(.42) 14.11 
[-.13] 
1.0402 -17.3 .4860 .83 ALSI .0843 
(1.65) (1.93) (3.50) 14.53 (.43) 
[.64] 
Table B.3. Estimates of structural coefficients of tractor investment 
demand. Corn Belt region, 1950-77* 
"t "-"Lt "-Vl "-"At CB-Zt 
B.08 476.92 -87.49 
(2.27) 
[-.27] 
.0263 
(3.28) 
[.34] 
-5.6883 
(5.81) 
[-4.02] 
B.09 478.13 -1.0281 
(2.89) 
[-.31] 
.0218 
(2.95) 
[.28] 
-5.1737 
(5.61) 
[-3.59] 
B.IO 530.02 -128.30 
(2.60) 
[-.39] 
.3078 
(1.80) 
[.61] 
-4.1269 
(2.31) 
[-2.86] 
B.ll 706.10 -128.94 
(3.01) 
[-.39] 
2.078 
(1.05) 
[.74] 
-2979.11 
(3.93) 
[-1.11] 
-5.3626 
(5.47) 
[-3.72] 
*See Table B.l for footnotes. 
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n2, Estima-
CB-Gyt ^Ct ''ot °E RMSE ^ " 
method 
1.9541 3.6500 - .7397 .89 OLS 2.23 .22 
(6.20) (4.76) (1.94) 19.75 
[1.88] [1.28] [-.04] 
1.8709 3.1262 - .7335 .89 OLS 2.23 .24 
(6.06) (4.12) (1.89) 20.07 
[1.76] [1.08] [-.04] 
1.6961 1.7010 -1.3061 -.0866 .87 OLS 2.25 .29 
(3.42) (1.38) (3.05) (1.43) 22.87 
[1.60] [.59] [-.06] 
2.9900 -30.480 .86 2.17 .30 
(9.24) (1.24) 22.57 
[2 .81]  [ - .02 ]  
Table B.4. Estimates of structural coefficients of tractor investment demand. Northern Plains 
region, 1950-77® 
Model Inter­cept 
^Mt NP-P 
Ct Lt 
NP-Y^ NP-Y Et 
p2/ Estima-
NP-Zt NP-STt.1 NP-V t  rSsE tion d 
method 
B.12 125.42 -14.73 .7792 .0076 
(.65) (3.21) (1.06) 
[-.09] [1.20] [.09] 
B.13 135.80 -28.96 .6934 
(1.59) (3.02) 
[-.18] [1.07] 
B.14 142.99 
B.15 140.70 
-22.81 .6980 
(1.01) (2.27) 
[-.14] [1.10] 
-12.75 .8525 
(.52) (2.76) 
[-.08] [1.34] 
.0076 
(1.04) 
[.09] 
-.2654 .9456 -.1417 .2821 .84 
(1.62) (1.52) (3.47) (1.95) 12.88 
[-1.29] [.65] [-.81] [.28] 
-.2576 1.2296 -.1458 
(1.57) (2.19) (3.57) 
[-1.25] [.84] [-.83] 
.0044 -.2866 
(.45) (1.41) 
[.06] [-1.42] 
1.3485 -.1526 
(2 .06)  (2 .82)  
[.95] [-.90] 
.3017 
(2.10)  
[.30] 
.2455 
(1.32) 
[.25] 
-.3101 1.0522 -.1545 .2586 
(1.56) (1.57) (2.93) (1.66) 
[-1.54] [.74] [-.91] [.26J 
.84 
12.92 
.82 
13.47 
OLS 2.14 .38 
OLS 1.96 .40 
OLS 1.85 .40 
13.16 
3SLS 
*See Table B.l for footnotes. 
Table B.5. Estimates of structural coefficients of tractor Invest­
ment demand, Appalachia region, 1950-77* 
•^"«1 '«pî" AP-'l AP-Pl AP-'Et AP'Zt 
B.16 52.01 -.1930 
(.89) 
[-.16] 
.0124 
(4.79) 
[1.65] 
-18.653 
(2.26) 
[-1.07] 
B.17 171.30 -.1246 
(.53) 
(-.101 
-2.3644 
(2.42) 
[2.63] 
B.18 172.26 -11.54 
(.54) 
[-.10] 
.00057 
(.04) 
[.009] 
-2.4021 
(2.35) 
[-2.68] 
B.19 55.48 -.4951 
(2.61) 
[-.41] 
.0537 
(1.51) 
[.43] 
-9.152 
(1.42) 
[-.53] 
®See Table B.l for footnotes. 
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g2. Estima-
AP-Gyt iLt h *'*"^t-1 ^ ''"Vl RMSE Jl®" duff 
.5395 
(1.95) 
[.49] 
-.0743 
(2.20) 
[-.43] 
.88 
9.02 
OLS 1.75 .37 --
1.2678 
(2.98) 
[1.28] 
.4781 
(1.29) 
[.44] 
-18.216 
(2.32) 
.3494 
(1.87) 
.91 
9.35 
ALSI - — -.0883 
(.45) 
1.3133 
(2.57) 
[1.33] 
.4556 
(1.25) 
[.42] 
-19.246 
(2.53) 
.3407 
(1.41) 
.91 
9.62 
ALSI — - -.0972 
(.50) 
.5466 
(1.64) 
[.50] 
.4538 
(2.47) 
.86 
10.62 
ALSI - - -.0104 
(.05) 
Table B.6. Estimates of structural coefficients of tractor investment demand. Southeast region, 
1950-77* 
Modle PTt SE-Pct 
Put 
SE-Pct SE-Y^t SE-Git let SE-Sjt-l SE-Tt-l SE-Ob 
R2/ 
RMSE 
Estima­
tion 
method 
g 
B.20 -5.5306 -10.373 
(.94) 
[-.16] 
.3438 
(1.93) 
[.33] 
.5081 
(2.41) 
[.87] 
-.0850 
(2.35) 
[-.50] 
.5597 
(3.39) 
.83 
5.12 
ALSI -.0145 
(.07) 
B.20 -4.4685 -11.583 
(.99) 
[-.17] 
.00066 
(.07) 
[.02] 
.3730 
(1.50) 
[.36] 
.4860 
(2.26) 
[.83] 
-.0830 
(2.09) 
[-.49] 
.5395 
(2.16) 
.82 
5.20 
ALSI .0236 
B.22 -41.0142 -.0528 
(.66) 
[-.08] 
.0231 
(3.60) 
[.54] 
.3103 
(3.01) 
[.53] 
.4105 
(7.33) 
[.78] 
.83 
4.60 
2SLS 
*See Tables B.l and B.2 for footnotes. 
Table B.7. Estimates of structural coefficients of tractor investment demand. Delta States region, 
1950-77* 
Model Inter­cept 
PTt PMt 
DS-Pct DS-Pct DS-Y^t DS-Zt DS-Gjt ^Ct ' DS-Syt-l DS-Ot 
p2/ Esti-
RMSE .lo­
tion 
method 
u d 
B.23 10.9453 -.0894 .6042 .3650 -.1152 .3512 .80 OLS 2. 20 .41 
(.96) (3.38) (1.90) (3.55) (2.81) 4.79 
[-.15] [•57] [.67] [-.66] 
8.24 9.0475 -8.8525 .5819 .3908 -.1138 .3588 .79 OLS 2. 19 .41 
(.96) (3.40) (2.12) (3.42) (2.90) 4.79 
[-.14] [.55] [.71] [-.66] 
8.25 26.1423 -19.8206 .0057 -.3836 1.8675 .2409 .78 OLS 2. 09 .43 
(2.30) (.76) (2.71) (3.53) (1.43) 4.99 
[-.33] [.11] [-1.34] [1.78] 
8.26 -5.0856 -1.1141 .0220 -.2753 1.1621 .2654 - 3SLS -- - — — 
(.14) (4.14) (2.55) (2.69) (3.97) 3.92 
[-.02] [.43] [-.96] [1.11] [.54] 
*See Table B.l for footnotes. 
Table B.8. Estimates of structural coefficients of tractor invest­
ment demand. Southern Plains region, 1950-77* 
"Ode' 'œpî" 5^ ^  ^P-Z» SP-G^^ 
B.27 172.93 -30.503 
(2.18) 
[-.29] 
.4435 
(.75) 
[.49] 
.0555 
(1.09) 
[.38] 
-.3433 
(2.78) 
[-2.18] 
.7772 
(2.33) 
[.78] 
B.28 43.66 -23.783 
(2.07) 
[-.23] 
-.4397 
(1.79) 
[-.91] 
.9651 
(2.42) 
[1.01] 
B.29 44.60 -.2334 
(1.17) 
[-.23] 
.0065 
(.98) 
[.09] 
-1.0445 
(2.12) 
[-2.16] 
1.5188 
(2.06) 
[1.58] 
B.30 160.667 -23.806 
(1.65) 
[-.23] 
.0027 
(.41) 
[.04] 
-.2979 
(2.75) 
[-1.89] 
.9109 
(3.77) 
[.92] 
*See Tables B.l and B.2 for footnotes. 
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n2/ Estima-
^Gt ^Lt SP-Tt_i SP-Syt_i RMSE ^ ^ 
-.4164 .2014 .84 OLS 2.13 .40 
(1.14) (1.03) 8.57 
[-.44] 
.5975 .78 ALSI .0402 
(4.66) 8.18 (.21) 
.7392 -.0281 .79 ALS 1.99 .46 .50 
(1.87) (.41) 9.45 (2.19) 
[.81] [-.17] 
.2493 - 3SLS 
(1.45) 9.16 
Table B.9. Estimates of structural coefficients of tractor investment demand. Mountain region, 
1950-77* 
Model Inter­cept 
PTt 
MT-Pct 
PMt 
MT-Pct MT-Yt-l MT-Zt MT-Gyt 'ct 
r2/ 
1 RMSE 
Estima­
tion d 
method 
u 
B.31 75.9925 -.1190 .0076 -.2333 1.2821 .4070 7.7389 .87 OLS 2.19 .31 
(1.03) (1.45) (5.99) (4.75) (1.87) (1.53) 4.99 
[-.17] [.13] [-2.18] [1.27] [.64] 
8.32 63.3227 -.0985 .0089 -.2121 1.1853 .5292 -7.7305 -.0224 .87 OLS 2.18 .30 
(.81) (1.57) (4.14) (3.81) (1.83) (1.51) (.65) 5.06 
[-.14] [.16] [-1.98] [1.18] [.84] [-.13] 
B.33 88.9788 -18.504 -.2435 1.4370 .3675 -8.5480 .84 OLS 1.99 .37 
(1.57) (7.82) (6.68) (1.51) (1.63) 5.24 
[-.26] [-7.43] [1.40] [.57] 
• 
*See Table B.l for footnotes. 
Table B.IO. Estimates of structural coefficients of tractor investment demand. Pacific region, 
1950-77® 
Inter- ^Tt Pwf p2/ Esti-
PA-YEt PA-Z, PA-T,, PA-S^,.^ PA-0, rJsE ^ u 
Lt Lt tion 
method 
B.34 116.3356 -41.7442 .0129 -418.3335 -.0958 2.0165 .5026 .0415 .84 OLS 1.76 .34 
(3.65) (1.57) (1.83) (2.01) (3.40) (1.82) (.71) 5.72 
[-.59] [.38] [-.84] [-.69] [1.99] [.78] [.24] 
8.35 123.9279 -.3632 .0104 -277.8293 -.0969 1.9564 .3932 .0161 .83 OLS 1.79 .36 
(3.36) (1.20) (1.22) (1.96) (3.19) (1.35) (.28) 5.91 
[-.52] [.31] [-.56] [-.70] [1.93] [.61] [.10] 
8.36 -10.2210 -30.5011 .0266 -571.8288 .7937 .5417 .1641 3SLS — — 
(2.61) (7.05) (3.00) (2.23) (2.32) (1.64) 4.69 
[-.43] [.78] [-1.15] [.78] [.84] [.36] 
*See Table B.l for footnotes. 
Table B.ll. Estimates of structural coefficients of other machinery investment demand. Northeast 
region, 1950-77^ 
Model Inter­cept 
• "t 
^Mt "ot 
NE-YEt "E-YAt NE-DAt NE-Z, De NE-0,., 
p2, Estima-
"SSE jZ ' U p 
B.37 146.37 2.108 
(2.15) 
[1.39] 
-2.1278 
(3.12) 
[-1.56] 
.0502 
(2.18) 
[.41] 
-671.259 
(1.53) 
[-.54] 
-57.491 
(5.63) 
.3391 
(2.09) 
.79 ALSI -
11.02 
— .2672 
(1.41) 
B.38 219.75 1.2572 
(1.31) 
[.83] 
-2.8129 
(3.96) 
[-2.07] 
.0357 
(1.60) 
[.29] 
-58.537 
(5.50) 
.4646 
(2.81) 
.75 ALSI — 
11.61 
— .2984 
(1.59) 
B.39 177.07 1.6984 
(2.13) 
[1.12] 
-2.5499 
(4.25) 
[-1.87] 
.0351 
(2.13) 
[.29] 
-.1536 
(.48) 
[-.16] 
-61.082 
(5.75) 
.4476 
(3.66) 
.82 OLS 2.02 
11.90 
.24 
*See Table B.l for footnotes. 
Table B.12. Estimates of structural coefficients of other machinery 
investment demand. Lake States region, 1950-77® 
'«pî" ^ ""Ot LS-Plt l-S-VEt LS-Zt l-S-Sot 
8.40 405.98 -182.409 
(3.30) 
[-.84] 
-2.513 
(2.47) 
[-1.12] 
.5134 
(1.99) 
[.80] 
.0648 
(3.76) 
[.44] 
.4349 
(1.73) 
[.46] 
8.41 478.56 -132.244 
(2.48) 
[-.64] 
-3.909 
(4.75) 
[-1.74] 
.4720 
(2.26) 
[.74] 
.0404 
(2.02) 
[•27] 
8.42 590-00 -160.975 
(2.40) 
[-.75] 
-2.833 
(2.81) 
[-1.26] 
.3769 
(1.37) 
[.59] 
.0616 
(3.11) 
[.42] 
-2.1538 
(1.20) 
[-1.66] 
1.1541 
(1.76) 
[1.21] 
8.43 998.00 -56.705 
(1.75) 
[-.19] 
-2.941 
(3.46) 
[-1.30] 
-5.0723 
(5.04) 
[-3.80] 
2.0992 
(5.30) 
[2.14] 
*See Tables 8.1 and 8.2 for footnotes. 
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«2/ Estima 
-88.276 -.0534 .78 OLS 1.88 .22 
(5.41) (1.37) 18.61 
[-.40] 
-90.180 .3888 .79 ALSI - — .0479 
(6.06) (2.72) 17.42 
-88.610 .77 OLS 1.86 .22 
(5.33) 18.79 
-52.777 .72 OLS 1.49 .30 
(3.08) 20.35 
Table B.13. Estimates of structural coefficients of other machinery 
investment demand, Corn Belt region, 1950-77® 
Model Inter­cept 
'^Mt 
C6-Pct 
'^Mt 
"t' 
Pot CB-Yt-1 CB-Zt CB-Got 
B.44 1839.84 -162.869 
(1.97) 
[-.42] 
-6.8086 
(3.48) 
[-1.69] 
-9.1225 
(2.97) 
[-3.94] 
1.6564 
(3.25) 
[1.84] 
B.45 1619.64 -100.307 
(1.40) 
[-.19] 
-7.8716 
(4.59) 
[-1.95] 
-5.2301 
(2.63) 
[-2.26] 
1.149 
(2.82) 
[1.27] 
B.46 918.69 -83.326 (1.83) 
[-.37] 
-9.7542 
(6.47) 
[-4.27] 
.0348 
(3.09) 
[.48] 
1.8677 
(2.49) 
[1.44] 
*See Tables B.l and B.2 for footnotes. 
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„2, Estima-
DE """t-I "-5ot-l RHSE «ÎJ" 
•184.490 .2808 .0883 .89 OLS 2.42 .20 
(5.79) (1.71) (1.64) 34.88 
[.65] 
126.849 .3446 .88 OLS 2.03 .22 
(3.69) (2.29) 35.58 
-137.137 .4099 
(6.00) (3.36) 
.93 ALSI - — .0429 
28.35 (.22) 
Table B.14. Estimates of structural coefficients of other machinery investment demand. Northern 
Plains, 1950-77* 
Model Inter­ PMt PMt Pot NP-Y,t NP-Yt-1 NP-Z^ h NP-Ot-1 NP-Tt 
p2/ Estima-
d u cept NP-Pct Wt 
B.47 658.01 -27.543 
(1.16) 
[-.09] 
-5.065 
(6.54) 
[-2.22] 
.0166 
(1.55) 
[.11] 
-63.133 
(3.53) 
.4903 
(3.39) 
.82 OLS 
20.51 
2.03 .25 
CO CO 568.91 -77.991 
(1.59) 
[-.35] 
-4.834 
(4.00) 
[-2.12] 
.0211 
(1.44) 
[.15] 
.1607 
(1.04) 
[.43] 
-88.949 
(5.20) 
.5728 
(3.78) 
.81 OLS 
21.68 
1.92 .26 
B.49 596.08 -40.111 
(1.77) 
[-.13] 
-4.497 
(5.62) 
[-1.97] 
.0113 
(1.06) 
[.08] 
-43.286 
(2.24) 
.3008 
(1.87) 
.4873 
(2.26) 
[.27] 
- 3SLS 
19.22 
*See Table B.l for footnotes. 
Table B.15. Estimates of structural coefficients of other machinery 
investment demand, Appalachia region, 1950-77* 
Model Inter­ PMt ^Mt Pot AP-Pit  AP-Yt-1 AP-Zt cept AP-Pct Wt 
B.50 480.27 -20.619 
(.73) 
[-.11] 
-3.1921 
(5.48) 
[-2.21] 
.1169 
(2.25) 
[.60] 
-1.2818 
(2.03) 
[-.93] 
-45.974 
(3.60) 
B.51 78.26 -51.259 
(1.17) 
[-.28] 
-2.6709 
(3.06) 
[-1.85] 
.0187 
(.95) 
[.20] 
1.6019 
(1.91) 
[-1.17] 
-45.834 
(2.66) 
B.52 207.79 -62.393 
(2.90) 
[-.45] 
-1.4254 
(2.16) 
[-.99] 
-29.974 
(2.78) 
*See Tables B.l and B.2 for footnotes. 
245 
p2. Estima-
AP-0^_1 ^P-^ot-i RMSE 
.5330 .87 OLS 2.01 .24 
(4.09) 12.97 
.79 ALS 1.70 .37 .7085 
16.63 (3.37) 
.2042 .0329 .9817 — 3SLS 
(1.34) (1.48) (3.70) 28.87 
[.24] [.65] 
Table B.16. Estimates of structural coefficients of other machinery investment demand, southeast 
region, 1950-77^ 
Wt 
PMt Pot SE-Pit SE-YAt SE-Zt ^E SE-Tt 
R^/ 
RMSE 
Estima­
tion d u 
method 
B.53 97.0487 2.8749 -1.1971 .1118 .0169 -1.2832 -39.8280 .85 OLS 2.00 .24 
(4.70) (2.58) (3.40) (1.41) (4.15) (5.11) 8.79 
[-2.67] [-1.24] [.90] [.21] [-2.43] 
B.54 77.908 2.5783 -.9781 .0821 -1.0322 -36.4248 .3862 .89 2SLS 
(4.45) (.02) (2.16) (2.92) (4.92) (1.47) 7.04 
[2.40] [-1.02] [.66] [-1.96] [.21] 
*See Table B.l for footnotes. 
Table B.17. Estimates of structural coefficients of other machinery 
investment demand. Delta States region, 1950-77* 
Model Inter­ ^Mt PMt 
^ I t  Pot OS-PLt DS.Y,t DS-Zt cept DS-Pct 
"t 
8.55 255.86 -22.963 
(.98) 
[-.18] 
-1.9937 
(4.05) 
[-2.08] 
.0713 
(1.62) 
[.39] 
8.56 327.35 -31.379 
(1.70) 
[-.25] 
-2.3018 
(6.21) 
[-2.47] 
8.57 265.75 -20.836 
(1.00) 
[-.23] 
-2.1232 
(4.08) 
[-2.22] 
.0026 
(.15) 
[.03] 
.1393 
(.86) 
[.24] 
*See Tables 8.1 and 8.2 for footnotes. 
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0^ DS-0^_^ DS-Sot_i RMSE 
2 ,  Estima­
tion 
method 
-22.743 .5985 -.0310 .86 OLS 2.22 .29 
(1.96) (4.56) (1.45) 9.81 
[ - . 22 ]  
•22.180 .7370 -.0318 .84 OLS 2.40 .33 
(2.88) (5.98) (1.58) 10.28 
-.23 
-36.542 .5944 — 3SLS 
(4.59) (4.62) 10.22 
Table B.18. Estimates of structural coefficients of other machinery 
investment demand, Southern Plains region, 1950-77* 
Model Inter­cept 
PMt 
SP-Pct 
PMt 
"t 
o
 
CL 
SP-Pit SP-Yt-1 SP-^At SP-Zt 
B.58 380.64 -59.288 
(2.09) 
[ - .41] 
-3.1616 
(4.01) 
[-2.11] 
.0293 
(2.98) 
[ .23] 
-2.0014 
(3.42) 
[-2.16] 
B.59 247.92 -118.916 
(3.53) 
[ - .54] 
-1.0736 
(1.83) 
[ - .71] 
1386.06 
(1.95) 
[ .74] 
-1.8778 
(4.96) 
[-1.97] 
B.60 206.06 -33.592 
(1.95) 
[ - .23] 
-2.5163 
(3.59) 
[-1.68] 
- .0065 
(.11) 
[- .02] 
.0191 
(2.09) 
[ .15] 
.2389 
(1.45) 
[ .26] 
®See Table B.l for footnotes. 
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p2- Estima-
SP'Ggt SP-Sg^.i SP-T^ RMSE ^ " 
1.6431 -54.505 .1696 .84 OLS 1.74 .24 
(3.99) (4.54) (2.83) 14.45 
[1.84] [1.25] 
1.7503 
(6.05) 
[1.92] 
27.943 .81 OLS 1.72 .28 
(1.24) 15.41 
-31.663 1.2898 — 3SLS 
(3.14) (4.48) 11.30 
[ .70] 
Table B.19. Estimates of structural coefficients of other machinery investment demand. Mountain 
region, 1950-77^ 
Model Inter­cept 
PMt 
MT-Pct 
PMt 
w 
Pot MT-PLt MT-Yt.i MT-Zt MT-Got 
p2/ Estima-
"E RHSE d u 
B.61 219.40 -52.509 
(3.95) 
[-.48] 
-1.335 
(2.74) 
[-1.20] 
.0247 
(2.97) 
[.22] 
-.1569 
(2.27) 
[-.71] 
1.1507 
(5.49) 
[1.35] 
-37.72 
(5.08) 
.85 
9.51 
OLS 1 .69 .22 
B.62 122.38 -6.8075 
(.26) 
[-.05] 
-1.248 
(2.25) 
[-1.13] 
-.3306 
(3.62) 
[-1.16] 
.0271 
(2.65) 
[.23] 
1.7734 
(4.44) 
[2.11] 
-42.27 
(3.50) 
.83 
10.42 
OLS 1 .55 .26 
B.63 392.33 107.386 
(2.95) 
[-1.00] 
-1.567 
(2.68) 
[-1.42] 
.2508 
(1.20) 
[-.88] 
-.5343 
(4.19) 
[-2.46] 
.7869 
(1.44) 
[.94] 
-43.02 
(4.26) 
.1011 
(1.87) 
.83 
10.67 
OLS 1 .60 .25 
^See Table B.l for footnotes. 
Table B.20. Estimates of structural coefficients of other machinery investment demand. Pacific 
region, 1950-77® 
Model Inter­cept 
PMt 
PA-Pct 
^Mt 
"t Pot 
PA-Yat PA-Zt PA-Got ^E PA-Sot_i PA-T^ 
r2/ Esti-
RMSE tion 
method 
d u 
B.64 433.86 -76.683 -1.714 -.0700 1.396 -16.552 -.1385 .84 OLS 1 .50 .23 
(3.47) (2.94) (1.40) (6.16) (1.41) (2.54) 10.79 
[-.49] [-1.41] [-.98] [1.52] [-1.02] 
-.2490 1.887 -52.665 .0915 
(6.00) (7.45) (6.03) (1.52) 
[-3.35] [2.05] [.67] 
B.65 296.90 -115.948 -2.475 .0333 .2155 -.2740 .74 OLS 1 .58 .36 
(5.66) (4.85) (2.72) (4.05) (3.31) 13.58 
[-.76] [-1.92] [.45] [3.06] [-2.05] 
B.66 209.62 56.152 -1.49 .1434 -29.604 1.3433 — 3SLS » M s — 
(4.69) (3.07) (3.09) (4.13) (7.21) 9.24 
[-.48] [-1.23] [2.03] [.62] 
*See Table B.l for footnotes. 
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APPENDIX C. PROJECTIONS OF EXOGENOUS VARIABLES 
The equations used to project all the exogenous variables for Simu­
lations 1-7 are presented in this appendix. Important statistics such 
as t, R , and n (the number of observations) are also provided. The 
maximum value of n is 30 for the time series of 1948-77; when n is 
less than 30, it indicates that the most recent annual observations are 
used. Finally, the non-constant values of the policy variables (PQ, 
Pg and X) for 1981-90 used in all the simulations are presented in 
Tables C.l and C.2. 
Exogenous Variables for the Base Run (Simulation 1) 
NE-Aot = .2140, .1120 for 1978 and 1979, respectively 
= 0 otherwise 
LS-Apt = .6355, .8867 for 1978 and 1979, respectively 
= 0 otherwise 
CB-Aot = 2.7935, .9961 for 1978 and 1979, respectively 
= 0 otherwise 
NP-Aot = 6.9707, 5.4041 for 1978 and 1979, respectively 
= 0 otherwise 
AP-Apt = .2799, .1189 for 1978 and 1979, respectively 
= 0 otherwise 
SE-Apt = .5492, .1385 for 1978 and 1979, respectively 
= 0 otherwise 
DS-Apt = .1735, .0415 for 1978 and 1979, respectively 
= 0 otherwise 
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SP-Apt = 3.3231, 1.9837 for 1978 and 1979, respectively 
= 0 otherwise 
MT-Apt = 2.1556, 1.8073 for 1978 and 1979, respectively 
= 0 otherwise 
PA-Ajjt ~ .4638, .3875 for 1978 and 1979, respectively 
= 0 otherwise 
LS-C. = .251 + .1744 Tc, = .84, n = 30 
^ (12.27) 
NP-C+ = .0455 + .23 T c ,  = .84, n = 29 
^ (11.75)^ 
AP-C+ = .3163 + .16 T c ,  R^ = .94. n = 29 
^ (20 .06)  
S E -C. = . 0 8 4 1  +  . 2 1  T c ,  r2  =  . 9 4 ,  n = 2 9  
^  ( 1 9 . 6 9 ) ^  
DS-C+ = .0727 + .22 Tc, R^ = .91, n = 29 
^ (16.05) 
SP-Ct = .105 + .2299 Tq, R^ = .75, n = 30 
(9.04) S 
MT-C+ = .0887 + .21 T., R^ = .85, n = 2 9  
^ (12.36)^ 
PA-D.. = .0564 + .0038 T , R^= .94, n = 30 
(20.68) 0 
= 18.3157, 11.8760 for 1978 and 1979, respectively 
= 0 otherwise 
US-F. = .9151, an average of the last ten years (1968-77 
NE-Ff = .0765, an average of the last ten years (1968-77 
LS-F. = .1704, an average of the last ten years (1968-77 
CB-F. = .3667, an average of the last ten years (1968-77 
NP-F. = .1188, an average of the last ten years (1968-77 
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AP-F^ = .1279, an average of the last ten years (1968-77 
SE-F^ = .1279, an average of the last ten years (1968-77 
DS-F^ = .0567, an average of the last ten years (1968-77 
SP-F^ = .0569, an average of the last ten years (1968-77 
MT-F^ = .0168, an average of the last ten years (1968-77 
PA-F^ = .0388, an average of the last ten years (1968-77 
Fpt = 8.2796, 4.6475 for 1978 and 1979, respectively 
= 0 otherwise 
1.+ = 67.1239 + 1.4808 T^, = .86, n = 30 
" (13.19) " 
I.. = 16.0833 + 19.3982 T., R^= .90, n = 30 
" (15.48) ^ 
I,. = 41.6434 + 2.9166 R^ = .96, n = 25 
(25.18) " 
L+ = 2839.1555 - 307.1066 T., R^ = .88, n = 30 
^ (14.31) ^ 
P_ = 106.14 + .6274 T., R^ = .29, n = 30 
(3.36)0 
LS-P,+ = 141.5926 + 58.5877 T., R^ - .86, n = 30 
(12.88)  ^  
NP-P,+ = 56.0734 + 38.5913 T., R^ = .80, n = 30 
(10.61) ^  
SE-P, + = 1133.6128 - 3657.2923 T., R^ = .70, n = 28 
(7.76) I 
SP-P, + = 11.3873 + 147.2805 T., R^ = .90, n = 30 
(16 .21 )  ^  
P.. = 4.1858 - .7137 T., R^ = .98, n = 28 
(38.41) ^ 
P^. = 100.264 + .3195 T., R^ = .03, n = 15 
(.63) ° 
us-Pst : .2239. an average of the last 3 years (1975-
NE-Pst = .2227, an average of the last 3 years (1975-
LS-Pst = .2196. an average of the last 3 years (1975-
CB-Pst = .2165, an average of the last 3 years (1975-
NP-Pst = .2283, an average of the last 3 years (1975-
AP.Pst = .2249, an average of the last 3 years (1975-
SE-Pst = .2186, an average of the last 3 years (1975-
DS-Pst = .2134, an average of the last 3 years (1975-
sP-Pst .2409, an average of the last 3 years (1975-
MT-Pst .2332, an average of the last 3 years (1975-
PA-Pst .2371, an average of the last 3 years (1975-
US-Qt = 69.7655 + 1.5442 Tn (29.77) U • 
= 
.97, n = 30 
NE-Qt = 92.2644 + .2174 T., (3.03) ° 
R^ = 
.25, n = 30 
CB-Q^ = 60.5169 + 1.8338 T. 
(13.56) u 
R^ = 
.89, n = 20 
NO-Q^ = 58.0644 + 2.1270 Tp (6.80) 0 ' 
R^ = 
.88, n = 20 
AP-Qt = 84.1338 + .8792 T., (7.14) ° 
R2 = 
.69, n = 25 
SE-Qt = 50.5801 + 2.3234 T. (14.11) ° ' 
= 
.91, n = 21 
DS-Qt = 66.7793 + 1.9239 Tn (13.23) u 
R^ = 
.86, n = 30 
SP-Qt = 68.2584 + 2.0766 To (10.96) ^ • 
R^ = 
.81, n = 20 
MT-Q^ = 66.4919 + 1.7124 To 
(28.77) ^ ' 
R^ = 
.97. n = 30 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
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PA-Q. = 67.8115 + 2.0745 T., = .94, n = 30 
^ (21.45) ° 
S.. = 1464.5562 + 64.1718 T., = .67, n = 30 
(7.55) 0 
AP-S.f = 125.2322 + 383.9124 T, , R? = .90, n = 29 
(15.26) L 
NP-St+ = 383.1475 + 22.6084 T., R^ = .81, n = 29 
(10.81)  "  
Wj^t = 108.37, an average of the last 7 years (1971-77) 
X. = -.782 + .0941 T., R^ = .75, n = 15 
^ (9.01) ° 
The intercepts are adjusted in the Pj and Pq equations to match 
the 1977 prediction levels to their actual levels or the 1973-77 aver­
age levels. See Appendix A for definitions of the time variables. 
Exogenous Variables for Simulations 2-7 
In each of the simulations 2-7, only one policy variable is changed 
at a time and the rest of the variables have the same values as Simula­
tion 1. 
Simulation 2  
Pq = 100.264 + .639 TQ . 
The rest of the variables ass-me the base run values. 
Simulation 3 
Pq = 110.167, an average of the 1974-77 levels. 
The rest of the variables assume the base run values. 
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Simulation 4 
All regional and national Pg variables set equal to zero. The 
rest of the variables assume the base run value. 
Simulation 5 
NE-Pst = .2227 + .1347 X  .2227) k 
LS-Pst = .2196 + .1393 X  .2196) k 
CB- Pst = .2165 + .1427 X  .2165) k 
NP-Pst = .2283 + .1419 X  .2283) k 
AP-Pst = .2249 + .1405 X  .2249) k 
SE-Pst = .2186 + .1446 X  .2186) k 
DS-Pst = .2134 + .1523 X  .2134) k 
SP-
"st = .2409 + .1461 X  .2409) k 
MT- Pst = .2332 + .1295 X  .2332) k 
PA- ^st = .2371 + .1308 X  .2371) k 
US-Pst = .2239 + .1416 X  .2239) k 
where k = 4,5,...,14 for the corresponding t=1981,1982,...,1990. 
The rest of the variables assume the base run values. Also the first 
constant in above equations is an average of 1975-77 Pg levels. 
Simulation 6 
X = 2.0464 + (.05 X  2.0464)- k  
where k is the same as above. 
And, 2.0464 is the average of 1974-77 X values. The rest of the vari­
ables assume the base run values. 
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Simulation 1_ 
X = 1.9173, an average of the 1973-77 levels. 
The rest of the variables assume the base run values. 
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Table C.l. Values of fuel and oil price index (PQ), agricultural 
export index (X), and support price index (PG) at the 
national level, used in different simulations, 1981-90* 
Year Pq for Sim 1 
Pn for 
Sim 2 
x for 
Sim 1 
x for 
Sim 6 
Pg for 
Sim 5 
1981 111.13 121.990 2.4174 2.4556 0.3508 
1982 111.45 122.629 2.5115 2.5579 0.3825 
1983 111.79 123.628 2.6056 2.6602 0.4142 
1984 112.09 123.907 2.6997 2.7625 0.4459 
1985 112.41 124.546 2.7938 2.8648 0.4776 
1986 112.73 125.185 2.8879 2.9671 0.5093 
1987 113.04 125.824 2.9820 3.0694 0.5410 
1988 113.36 126.463 3.0761 3.1717 0.5727 
1989 113.68 127.102 3.1702 3.2740 0.6045 
1990 114.00 127.741 3.2643 3.3763 0.6362 
*The index for Pq is with 1967 = 100.00; and for x and Pg with 
1967 = 1.00. Also, Sim= Simulation. 
Table C.2. Values of regional support price index used in the Simulation 5, 1981-90® 
Year NE^ LS CB NP AP SE DS SP MT PA 
1981 0.3427 0.3420 0.3403 0.3578 0.3511 0. 3450 0.3433 0.3818 0.3341 0.3610 
1982 0.3728 0.3726 0.3712 0.3902 0.3827 0. 3765 0.3758 0.4170 0.3843 0.3919 
1983 0.4027 0.4031 0.4021 0.4226 0.4142 0. 4081 0.4083 0.4522 0.4145 0.4229 
1984 0.4327 0.4337 0.4331 0.4550 0.4458 0. 4397 0.4408 0.4874 0.4449 0.4539 
1985 0.4627 0.4643 0.4640 0.4873 0.4773 0. 4713 0.4732 0.5227 0.4750 0.4848 
1986 0.4927 0.4949 0.4949 0.5197 0.5089 0. 5029 0.5057 0.5579 0.5052 0.5158 
1987 0.5227 0.5227 0.5259 0.5521 0.5404 0. 5345 0.5382 0.5931 0.5354 0.5468 
1988 0.5527 0.5561 0.5568 0.5845 0.5720 0. 5661 0.5707 0.6283 0.5657 0.5777 
1989 0.5827 0.5867 0.5878 0.6169 0.6035 0. 5977 0.6032 0.6635 0.5959 0.6087 
1990 0.6127 0.6172 0.6187 0.6492 0.6351 0. 6292 0.6356 0.6988 0.6261 0.6397 
^The support price index is with 1967 = 1.00. 
'^Ten USDA production regions are defined in Figure 1.2 in Chapter I. 
